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PREFACE 


rHE  numerous  difcoveries  lately  made  relating  to 
Air^  and  other  permanently  elajlic  Fluids  • the  *' 
Jcattered  manner  in  which  thofe  improvements  had 
been  handed  to  the  Public'^  and  the  importance  of  the 
fubjeSi^  fuggejled  the  idea  of  compiling  the  prefe^it 
fVorky  and  at  the  fame  time  afford  fome  excufe  for 
the  imperfeBions  of  the  performance.  Tfhe  divers  pro- 
perties of  phyficaf  but  invifible  fubfancesy  which  can  be 
eafly  altered^  with  difficulty  prefervedy  and  with  fill 
greater  dijfculty  examinedy  have  been  often  mifunder- 
foody  and  fometimes  wilfully  exaggerated.  To  feleB 
truthy  amongfl  a multiplicity  of  affertionsy  is  the  diffi- 
culty though  indifpenfable  duty  of  the  Author.  Each  par- 
ticular writer  on  the  fubjeB  thinks  himfelf  entitled  to 
a full  difcuffion  of  his  obfervationsy  perhaps  of  his  er- 
rors'y  and  the  leaf  accidental  or  unavoidable  mifakey 

is 


VI 


PREFACE. 


is  often  conjirue'd  as  the  mojl  illiberal  mifreprefentation 
of  his  fentiments.  Confcious  of  thofe  difficulties y the  Au-  , 
thor  has  fpared  no  pains  to  get  information^  and  to  re- 
peat feveral  experiments.  He  has  endeavoured  to  take 
notice  of  every  7iotable  difcovery  and  ufeful  obfervatiofi 
relating  to  his  fubjefi ; rejecting  all  the  infignificant  or 
frivolous  remarks,  which  the  leaf  ingenuity  on  the  part 
of  the  Reader  may  fuggef.  T'hefe  difcoveries  and  ob- 

servations have  been  arranged  in  a methodical  order, 

giving  very  little  attention  to  the  time  in  which  they  were 
made ; fince  this  book  was  not  intended  as  an  hiflory  of 
the  fubjeSl.  But  it  is  more  than  probable,  that,  in  Jpite 
of  every  effort,  this  JVork  fill  contains  many  imperfec- 
tions ; and  perhaps  fome  ufeful  difcovery  may  have  been 
overlooked,  or  improperly  related.  Tl'he  Author,  there-^. 
fore,  would  think  himfelf  exceedingly  obliged  to  any  per- 
fon,  efpecially  thofe  who  are  converfant  with  the  fubje6i, 
who  would  make  him  acquainted  with  any  new  obferva- 
tion,  or  any  imperfection  of  his  W ork ; it  being  his  carnef 
defire  to  render  it  as  perfeCl  as  poffible,  in  cafe  of  a fecond 
edition. 

The  Author  s objeCi  has  been,  to  acquaint  a perfon, 
even  thofe  of  only  a common  education,  with  the  prefent 
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Jiate  of  difcoveries  relating  to  Air^  and  other  fluids  fimilar 
to  it ; he  has  therefore  begun  from  the  very  elementary 
principles^  which  are  necejfary  for  the  comprehenflon  of 
the  fubjeSi, 

In  the  firfl  Part,  under  the  title  of  Kxs  Introdu£lion  to 
Chymiftry,  he  has  briefly  defcribed  the  various  natural 
bodies,  and  their  properties,  which  are  neceffary  to  be 
known  before  a perfon  begins  to  examine  the  properties 
(f  Air  and  other  elaflic  Fluids, 

T’be  fecond  Part  contains  the  principles  of  Hydrofla-^ 
tics ; the  knowledge  of  which  is  neceffary  for  the  per- 
formance of  the  experiments  on  Air,  ^c. ; and  which, 
though  publicly  Jhewn  in  courfes  of  philofophical  leflures, 
and  explained  in  many  books,  are,  neverthelefs,  little, 
underflood  by  the  commonalty  of  people.  Here  is  alfo 
given  d compendious  idea  of  the  principal  properties  of 
Air,  and  other  permanently  elaflic  Fluids,  which  is  jufl 
fufficient  to  qualify  the  beginner  for  the  comprehenficJn  of 
the  refl  of  the  work.  This  Part  is  concluded  with  the 
defcription  and  ufe  of  the  apparatus,  and  of  the  various 
methods  praBifed  to  afcertain  the  purity  of  refpirable 
Air, 
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* Li  the  third  Part^  the  known  properties  of  all  the  per- 
manently elajiic  Fluids  are  defcrihed  at  large. 

The  fourth  Partco  ntains  federal  particulars  relating 
to  the  fubjedl ; and  concludes  with  the  account  of  fome 
experiments  of  the  Author,  Here  the  hypothefes  of  per- 
manently elajiic  Fluids  have  been  ' but  flightly  mentioned^ 
it  being  more  advifable  to  leave  the  Reader  at  the  liberty 
of  reafoning  by  himfelf  upon  the  > afcertained  faSls,  than 
to  mfjl  upon  a theory,,  which,  in  this  new  fubjeB,  fnay 
to  all  probability  be  wrong,  and  which  may  retard  the 
progrefs  of  farther  and  more  diverfified  invejiigation.^ 

, ^ • »•  T • 

^ . 

Lafly,  to  render  the  fVork  Jlill  more  intelligible  and 
ufeful,  a copious  Index ^ and  three  Copper-plates,  have 
been  added  to  it,  ' ■ . ’ 
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An  Introduction  to  Chymistry. 

‘ C- 


C H A P.  I. 

Of  Chymijlry  in  general, 

TH  E various  bodies  which  exift  upon  earth,  and 
are  perceived  -by  our  fenfes',  may  be  divided  into 
two  claffes,  that  is,  fi7npley  and  compound  \ confidering  as: 
fimple  or  primary  bodies,  thofe,  which  cannot,  by  any 
known  means-,  be  refolved  into  other  more  Emple  fub- 
ftances ; and  under  (landing  by  compound  bodies,  thofe 
which  are  actually  reducible  into,  or  are  compofed  of  other 
more  fimple  fubftah’ces.  Thus  pure  water  is  confidered  as 
a fimple  fubftance,  becaufe,  as  far  as  we  know,  it  cannot 
be  decompounded ; and  an  animal  body  is  called  a com- 
pound, becaufe  earthy  particles,  and  various  fluids,  enter 
into  its  compofition. 

As  almofl:  all  the  bodies  that  occur  to  our  fenfes,  and 
are  fubfervient  to  our  wants,  are  compound  fubftances, 
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whofe  components  vary  both  in  fpecies  and  quantity,  ac- 
cording to  innumerable  circumftances  % it  is  of  the  utmoft 
neceiTity  to  human  kind,  to  inveftigate  their  nature,  and 
to  find  out  Certain  means,  by  which  a compound  body 
may  either  be  formed  out  of  other  more  fimple  ones,  or 
may  be  refolved  into  its  primary  components.  It  is  need- 
lefs  to  expatiate  upon  the  ufefulnefs  and  necefiity  of  this 
fubjedt ; it  being  continually  evinced  by  almoft  every  ope- 
ration that  happens  around  us.  Anirrial  life,  vegetation, 
civil  and  private  economy,  various  arts  and  fciences,  even 
trade  and  commerce, . are  founded  lipon  a continual  com- 
pofition  and  decompofition  of  natural  bodies ; without 
which  there  would  fcarce  be  any  obfervable  motion  upon 
earth. 

The  fcience,  which  examines  philofophically  the  various 
properties  of  bodies,  fo  as  to  afeertain,  by  experiments 
and  fpeculations,  the  methods  of  effediing  the  divers 
compofitions,  and  decompofitions  of  the  faid  bodies,  is 
called  Chymift?y.  In  order  to  form  a right  idea  of  the 
.principles  of  this  fcience,  it  is  necefiary  firfi;  to  deferibe 
thofe  fimple  primary  bodies  or  elements,  by  the  various 
combinations  of  which  the  fecond  clafs  of  bodies  is  formed, 
and  which,  indeed,  are  the  limits  of  Chymiftry.  The  old 
philofophers  making  ufe  of  fuppofitions  rather  than  ex- 
periments, entertained  various  fanciful  and  often  contra- 
didory  ideas  relating  to  the  elements  of  bodies.  Epicurus 
thought  that  all  bodies  were  rngdifications  of  one  homo- 
6 geneous 
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geneous  primary  element,  whofe  particles  were  of  a par- 
ticular figure,  folid,  and  in  their  nature  unalterable ; and 
that  they  only  required  to  be  arranged  in  this  or  that  other 
manner,  in  order  to  compofe  the  various  bodies  of  the 
Univerfe.  Other  philofophers  thought  varioufly  of  the 
number  and  properties  of  the  elements ; but  the  prevailing 
opinion,  which  has,  indeed,  been  adopted  by  mofl:  of  the 
writers  on  Chymiftry  from  a long  period  down  to  the  be- 
ginning of  this  century,  was,  that  the  elements  were  three, 
viz.  Salt,  Sulphur,  and  Mercury.  The  philofophical  writ- 
ers, however,  of  the  fame  time  generally  acknowledged 
four  elements,  viz.  Air,  Water,  Earth,  and  Fire  ; which 
opinion  has  alfo  been  adopted  by  moft  of  the  late  chy- 
mifts ; fuppofing  (for  they  could  never  prove  the  generality 
of  the  rule  by  adlual  experiments),  that  every  other  body 
is  compofed  out  of  thofe  four  elements,  and  that  it  is  ul- 
timately refolvable  into  them. 

Confidering  the  fadls,  and  omitting  the  fuppofitions,  we 
are  obliged  to  enumerate  a much  greater  number  of  ele- 
ments than  thofe  four  already  mentioned,  or  the  feven  ad- 
mitted by  a late  ingenious  writer  on  light.  However  in 
this  Introduction  we  fhall  not  confine  ourfelves  to  any 
number  of  elements ; it  being  more  advantageous  for  the 
bufinefs  of  philofophy,  to  leave  their  number  unfettled, 
than  to  admit  uncertainties  for  axioms. 

Nature  in  her  works  proceeds  uniformly  from  one  order 
to  the  other,  without  limitations  or  diflinCtions.  From 
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the  leaft  to  the  moft  complex  body,  a chain  of  interme- 
^diate  fteps  is  obfervable,  which  admits  of  no  real  limits  or 
fubdivilions.  It  is  the  imbecillity  of  human  underflanding, 
which  being  unable  to  form  any  diftindt  idea  of  the  whole, 
has  recourfe  to  artificial  fyftems,  which  facilitate  the  com- 
prehenfion  of  various  particulars,  otherwife  unattainable. 
For  this  reafon,  the  Philofophers  who  have  undertaken  to 
examine  nature’s  works,  have  arranged  the  various  bodies 
under  diftindl  orders,  as  if  they  really  had  no  connexion 
with  one  another.  Thus  they  have  admitted  three  great 
divifions,  called  Kingdoms  by  the  Chymifls,  that  is,  the 
Animal,  the  Vegetable,  and  the  Mineral  kingdom  ; com- 
prehending under  the  firft,  all  thofe  bodies  which  are 
endowed  with  life  and  felf-motion  ; calling  Vegetables,  all 
thofe  which  have  life  only,  or  the  power  of  growing,  pro- 
pagating the  fpecies,  &c.  and  laftly,  confidering  under  the 
denomination  of  Minerals,  all  thofe  bodies  which  are  defti- 
tute  of  life  and  felf-motion.  The  reader,  however,  muft 
not  fuppofe,  that  thofe  orders  or  kingdoms  fhould  be  re- 
ally feparate  from  one  another  ; for  there  are  adlually  many 
bodies  enumerated  amongfl:  the  animals,  which  might  as 
well  be  confidered  as  vegetables,  and  many,  in  lliort, 
which  might  be  attributed  to  either  of  two  kingdoms  with 
feemingly  equal  propriety. 

In  order  to  give  a juft  and  ufeful  idea  of  Chymiftry  to 
my  reader,  whom  I miift  fuppofe  entirely  unacquainted 
with  the  fcience,  and  defirous  to  acquire  a knowledge  of 
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it,  fo  far  as  to  underftand  the  principal  fubjecSl  of  this  trea- 
tife ; I fhall  in  the  following  chapters  lirft  defcribe  tbe 
principal  natural  bodies  confidered  under  general  heads, 
beginning  with  the  moll  limple,  and  gradually  proceeding 
to  the ‘more  complicated.  Next,  I fhall  give  an  idea  of 
chymical  analyfis  and  compolition  ; and  fhall,  laflly,  con- 
clude with  defcribing  various  more  remarkable  chymical 
procelles,  by  which  the  reader  will  be  made  acquainted 
with  the  principal  artificial  compounds. 

But  before  we  enter  into  the  particular  defcription  of 
natural  bodies,'  it  is  neceffary  to  obferve,  that  there  is 
a property  in  all  fubftances,  called  by  the  Chymifls 
Afinity^  upon  which  all  chymical  operations  depend. 
This  is  a power  by  which  the  conflituent  parts  of  a body 
unite  readily  with  fome  fubftances,  with  which,  it  is  there- 
fore faid,  that  they  have  an  affinity  • and  at  the  fame 
time  they  fhew  a kind  of  repul  lion  to  the  parts  of  fome 
other  fubftances.  Thus  it  is  faid,  that  there  is  an  affinity 
between  water  and  vinegar,  becaufe  they  are  eaftly  mixed 
together ; and  that  there  is  no  affinity  between  water  and 
oil,  becaufe  they  do  not  mix  together,  fhewing  a kind  of 
repulfton  with  each  other. 

From  this  fundamental  property  there  are  deduced  fome 
rules,  by  the  help  of  which  almoft  all  the  phenomena  ob- 
ferved  in  chymiftry  may  be  explained.  Thefe  rules  may 
be  reduced  to  the  four  followincr : 

D 

I.  If  two  fubftances,  which  have  an  affinity  to  one  ano- 

lo  ther. 
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ther,  are  brought  together,  a'compouud  will  be  formed 
out  of  thenij  which  partakes  of  fome,  but  not  all  the  pro- 
perties of  its  components  ; for  the  two  bodies  by  their 
union  lofe  fome  of  thofe  properties,  which  they  had  whilft 
feparate,  and  acquire  other  new  properties,  which  they 
had  not  before.  Thus  oil,  which  is  inflammable,  and  un- 
mifcible  with  water,  when  combined  with  the  aflies  of 
vegetables,  or,  more  properly,  with  what  the  chymiffs 
call  alkaline  falts,  forms  the  common  foap,  which  is  a 
fubflance  mifcible  with  water,  but  not  inflammable. 

II.  If  to  a body  conflfting  of  two  fubllances,  A and  B, 
another  fubftance,  C,  'is  prefen  ted,  which  has  affinity 
either  with  one  or  both  the  fubftances  A and  B ; they 
will  all  combine  together,  and  form  a fubftance  conflfting 
of  three  principles.  In  the  fame  manner  a body  may  be 
formed  out  of  four,  five,  or  more  principles.  But  if  the 
body  C has  no  ^affinity  at  all  with  one  of  the  two  fub- 
ftances, for  inftance  with  A,  and  at  the  fame  time  has  a 
greater  affinity  with  B,  than  A and  B have  with  each 
other  ; then  a decompofltion  of  the  firft  compound,  and 
a new  combination  will  enfue  ; for  B will  quit  A,  and 
will  join  itfelf  to  C,  confequently  A will  be  left  pure,  and 
fiuch  as  it  was  before  it  had  contraded  any  union  with  B 

This 


* Notwithftanding  that  the  body  A is  faid  to  be  left  pure,  when  B and  C 
are  combined  together;  yet  it  mufl:  be  obferved,  that  often,  and  probably  always, 
a fmall  portion  of  the  fubftance  B or  C adheres  to  A,  which  is  not  to  be 
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This  ts,  one  of  the  moft  general  and  powerful  means  by 
whigb  the  chymift  decompofes  a cornpound  body^  and 
finds  out  its  components.  Thus,  if  a metal  is  difiblved 
in  an  acid,  and  an  alkali  is  added  to  the  folution,  the  acid, 
having  a greater  affinity  with  the  alkali  than  with  the  me- 
tal, will  join  itfelf  to  the  former  and  leave  the  latter,  con- 
fequently  the  particles  of  the  metal,  which  were  fufpended 
in  the  acid,  will  now  fall  to  the  bottom  of  the  phial  in 
which  the  ingredients  are  contained.  This  phenomenon 
is  ufually  called  precipitation  ; hence  the  metal,  which  in 
this  cafe  is  the  precipitate^  is  faid  to  be  precipitated  from  the 
acid  by  the  alkali. 

III.  Sometimes  a fubftance  is  incapable  of  decompound- 
ing a body  confifting  of  two  or  more  principles  ; but  by 
being  itfelf  combined  with  fome  other  fubftance,  it  forms 
a compofition  which  can  readily  decompofe  that  body. 

IV.  Laftly,  when  a body,  confifting  of  various  prin- 
ciples, is  prefented  to  another  compound  body,  the  phe- 
nomena will  vary  according  to  the  affinities  between  the 
various  fimples,  which  enter  into  the  compofition  of  thofe 
bodies,  and  according  to  the  various  new  properties  which 
they  acquire  by  their  combinations.  Hence  is  derived  a 
double  compofition  and  decompofition,  and  an , infinite 

detached  from  A without  farther  operations.  The  fubftance  A may  alfo  have 
undergone  fome  other  hitherto  unobferved  change  by  the  procefs ; yet  when 
nightly  obferved,  feems  to  be  the  fame  as  it  was  before  the  combination,  and 
lb  far  it  may  be  called  pure  j although  it  is  not  fo  ftridlly  fpeaking. 

number 
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number  of  phenomena,  which  render  the  fcience  of  Chy- 
miftry  very  difficult,  and  whofe  immediate  caufes  often 
elude  the  moft  laborious  and  diligent  refearches. 


i:  : ■ ■ CHAP.  II. 

Of  Air,,  Water,  Earth,  and  Fire. 

UNDER  the  word  Air^  when  fignifying  permanently 
elaftic  fluids,  feveral  fubftances  fhould  be  compre- 
hended, which  have  that  and  various  other  properties  in. 
common  with  the  air,  properly  fo  called,  which  furrounds 
every  body  upon  earth,  and  conftitutes  the  atmofphere. 
That  fome  other  fluids  were  to  be  found  in  divers  places, 
and  obtained  by  various  procefTes,  which  had  a great, 
though  not  a perfect  analogy  to  air,  was  obferved  a long 
time  ago,  and  particular  fpecific  names  were  given  them. 
But  afterwards  they  were  all  called  by  the  generic  name 
Air,  to  which  the  fpecific  epithet  inflammable,  flxable,  &c. 
was  added.  This  denomination  firfl;  arofe  from  a fuppo- 
fition,  that  they  were  all  modifications  of  the  common 
refpirable  air ; and  they  afterwards  continued  to  be  called 
fo  by  various  very  modern  writers,  who  found  them- 
felves  in  a manner  obliged  to  follow  the  eftablifhed  cuftom. 
At  laft  a better  acquaintance  with  the  nature  of  thofe 

fluids, 
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fluids,  owing  to  the  wonderful  difcoveries  of  many  in- 
genious  philofophers,  has  fhewn  the  impropriety  of  calling 
them  Air  It  is  true  that  air  is  changeable,  and  by 
various  means  may  acquire  new  properties,  fo  as  to  ap- 
pear quite  different  from  what  it  was  at  firfl: ; yet  there 
are  many  other  fluids,  which,  although  inviflble  and 
permanently  elaftic  like  common  air,  are  however  eflen- 
tially  different  from  it,  and,  as  will  appear  in  the 
courfe  of  this  work,  they  have  fo  many  peculiar  and  dif- 
ferent properties,  that  even  the  moft  fceptic  philofopher 
cannot  hefltate  to  acknowledge,  that  they  are  as  different 
from  one  another,  and  from  air,  as  water,  oil,  and  many 
other  viflble  fluids  are.  This  difference  renders  it  highly 
neceffary,  in  order  to  preferve  perfpicuity,  to  give  other 
names  to  thofe  different  elaftic  fluids,  and  to  retain  the 
word  Air  to  denote  the  atmofpherical  fluid  ; which 
may  be  defined  a fluid  permanently  elaflic^  inviflble^  fonorousy 
infipidy  inodorous^  necejfary  for  animal  life^  for  vegetationy 
and  various  other  operations  ; which  conflitutes  the  atmo-^ 
fpherey  and  whofe  fenfible  motion  is  called  wind. 

This  fluid  has  generally  been  confldered  as  a pure  ele- 
mentary principle ; neverthelefs,  it  is  next  to  impoffiblc 
to  obtain  it  pure  and  unmixed  with  other  bodies.  It  is 
generally  mixed  with  a quantity  of  water,  which  may  in 

* See  the  Preface  to  an  elegant  Treatife  on  the  various  kinds  of  permanently 
elaftic  fluids  j written  by  the  Engliflh  Tranflator  of  Macquer’s  Didtionary  of 
Chymiftry. 
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part  be  feparated  from  it ; be/ides  innumerable  other  fub- 
ftances  which  float  in  it,  or  are  intimately  mixed  with  its 
particles,  which  render  its  .elementary  fimplicity  merely 
hypothetical. 

As  to  the  various  properties  of  air,  we  fhall  here  only 
give  a general  idea  of  thofe  which  are  moft  necefTary  for 
underftanding  this  Introdu6bion  to  Chymiftry  ; referving 
to  treat  particularly  of  all  its  properties  hitherto  difco- 
vered,  and  the  theories  offered  for  their  explanation,  in 
other  parts  of  this  work  ; where  we  fhall  examine  the 
nature  of  Air,  its  origin,  the  changes  it  undergoes  in  na- 
tural or  artificial  procefles,  the  methods  proper  to  afcer- 
tain  the  degree  of  its  purity,  and  various  other  particulars, 
not  only  remarkable  for  their  ufe  in  farther  philofophical 
refearches,  but  exceedingly  interefting  to  human  kind  in 

That  the  air  is  ponderous,  like  all  other  bodies,  may  be 
afeertained  by  various  means,  which  not  only  point  out  its 
exadl  gravity  in  different  temperatures,  but  fhow  that  a 
vaft  weight  continually  preffes  upon  our  bodies,  and,  in 
fhort,  upon  the  whole  furface  of  the  earth.  It  is  always 
a fluid,  at  leafl;  it  was  never  obferved  to  be  condenfed  into 
a compact  folid  form,  either  by  cold  or  by  any  other 
means  whatfoever.  But  this  obfervation  does  not  prove 
that  fluidity  is  abfolutely  effential  to  air;  it  appearing 
not  impofllble,  that  a greater  degree  of  cold,  than  has 
been  hitherto  obferved,  or  fome  other  method,  may  con- 
6 denfe 
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<lenfe  it  into  a folid  form.  Cold,  although  it  never  was  ob- 
ferved  to  condenfe  air  into  a folid,  does  however  contract 
it,  as  it  contra6ls  everjr  other  fubftance  ; and,  on  the  con- 
trary-, heat  rarefies  it.  The  heat  of  boiling  water,  which 
is  equal  to  the  212th  degree  of  Fahrenheit’s  thermometer, 
or  the  80th  of  Reaumur’s,  expands  air  one  third ; and 
the  heat  of  iron  quite  red  hot,  or  beginning  to  be 
white,  expands  it  to  about  four  times  its  own  bulk 
Air  may  alfo  be  rarefied,  and  condenfed  infinitely 
more  by  mechanical  means.  But  the  moft  fingular  pro- 
perties of  air,  which  indeed  are  the  moft  interefting  to 
Chymiftry,  are  its  power  of  afiifting  the  evaporation  of 
volatile  matters,  and  its  being  abfolutely  neceflary  for  the 
combuftion  of  burning  bodies.  Not  only  the  prefence  of 
air  is  necefiary  to  combufiion^  but  there  is  required  a 
continual  change  of  it ; for  the  fame  air  cannot  afiifi:  the 
combuftion  of  a burning  body,  for  inftance  of  a candle, 
longer  than  a time,  which  is  proportionate  to  its  quantity, 
purity,  and  to  the  fize  of  the  flame  of  the  candle  ; after 
which  time  a fupply  of  frefh  air  is  required  in  order  to 
keep  the  candle  burning.  As  combuftion  requires  a con- 
tinual fupply  of  frefh  air,  fo  it  is  much  facilitated  by  a 
quick  change  of  it ; hence  is  derived  the  ufe  of  bellows, 
which,  by  changing  the  air  very  often,  increafe  die  fire 
prodigioufly. 

Next  to  the  Air  we  fhall  confider  Water ; which  is  a 
* See  Robins’s  New  Principles  of  Gunnery,  Chap.  I. 
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fubftance  To  well  known,  that  it  hardly  requires  to  be  de- 
fined. The  want  of  tafte,  fmell,  and  colour,  is  the 
effential  charadteriftic  of  pure  water ; indeed  fo  certain, 
that  it  is  a fure  fign  of  its  impurity,  when  the  leaft  frnell, 
tafte,  or  colour  can  be  perceived  in  it.  As  for  its  fluidity, 
it  may  be  confidered  as  accidental  ; it  being  well  known 
that  water  becomes  a folid,  called  ice^  when  its  degree  of 
heat  is  equal,  or  lefs  than  the  3 2d  degree  of  Fahrenheit’s 
thermometer.  It  is  .a  remarkable  property  of  water,  that 
it  cannot  acquire  a degree  of  heat  greater  than  that  re- 
quired to  make  it  boil,  which  is  equal  to  the  212th  degree 
of  Fahrenheit’s  thermometer,  excepting  when  it  is  confined 
in  clofe  veftels,  or  otherv/ife  prefted  ; for  then  it  can  ac- 
quire a much  greater  degree  of  heat,  even  fufticient  to  make 
it  red  hot,  as  it  is  faid.  But  when  kept  in  an  open  veflel, 
under  the  fame  prelTure,  it  always  boils  at  the  fame  degree 
of  heat ; after  which,  a ftronger  fire  will  only  make  it  eva- 
porate fooner,.  without  communicating  to  it  a greater  de- 
gree of  heat.  The  vapour  which  arifes  from  water  is  only 
water  reduced  into  an  elaftic  fluid,  which  is  compreflible, 
elaftic,  &c,.  but  it  is  not  permanently  fo ; for  by  a fuf- 
ficient  prefture,  or  by  a fmall  degree  of  cold,  it  is  again 
reduced  into  that  felf-fame  water  from  which  it  ori- 
ginated. Hence  we  fee  the  difference  between  the  vapour 
of' water,. and  air.  It  is  this  property  only  which  diftin- 
guiflies  all  thofe  elaftic  fluids  called  vapours^  from  thofe 
called  perma?iently  elaftic ; namely,  that  the  former  may 

be 
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be  adlually  reduced  into  a vidble  form,  fimilar  to  that  of 
water,  by  cold,  or  by  a fujfHcient  prefTure,  whereas  the  lat- 
ter cannot. 

The  averting,  that  the  vapour  of  water  is  only  water 
reduced  into  an  elaftic  fluid,  implies,  that  water  is  not 
elaftic,  or  not  compreflible  ; but  this  is  not  true 
flridly  fpeaking,  becaufe  water  has  been  found  to  be 
compreflible  in  a fmall  degree  However,  as  its  com- 
prefTibility  hitherto  obferved  is  fo  exceedingly  fmall,  that 
it  fcarcely  amounts  to  the  one  or  two  hundred  thoulandth 
part  of  its  bulk,  we  may  fafely  conflder  it  as  incompreflible. 

Water  diflTolves  various  bodies,  as  gums,  ardent  fpirits, 
all  faline  fubftances,  various  fpecies  of  earth,  divers  metals, 
and  even  a. fmall  portion  of  common  air  ; befldes  its  ab- 
forbing  a prodigious  quantity  of  other  permanently  elaftic 
fluids,  as  will  be  particularly  mentioned  hereafter.  In 
confequence  of  this  property,  it  follows,  that  to  get  wa- 
ter perfectly  pure  is  fo  very  difficult,  that  it  may  be  con- 
fldered  as  almoft  impoflible.  The  water  efpecially  of 
rivers  and  fprings,  is  fo  very  full  of  heterogeneous  matters, 
that  fometimes  it  is  quite  ufelefs,  not  only  for  nice  chymi- 
cal  operations,  butalfo  for  economical  purpofes,  except  it  is 
firft  purified  by  diftillation,  flltrati^n,  boiling,  and  other 
means.  It  is  owing  to  thefe  extraneous  matters,  which 
the  water  keeps  dilTolved,  that  it  acquires  various  pro- 
perties, and  becomes  chalybeate,  fulphureous,  fait,  petri- 
* See  the  Philofoph.  Tranf.  vol.  LIV. 
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fying,  poifonousj  incapable  of  diflblving  foap,  6cc.  In 
thofe  cafes,  it  is  the  bufinefs  of  Chymiftry  to  analyze  the 
water,  in  order  to  afcertain  the  heterogeneous  fubftances  it 
contains,  and  the  ufes  to  which  it  may  be  applied.  As 
water  diffolves  fundry  matters,  fo  does  itfelf  combine  and 
enter  into  the  compoUtion  of  various  bodies,  as  falts,  oils, 
ftones,  vegetables,  and  other  fubftances,  excepting  metals, 
and  thofe  bodies  called  by  the  mineralogifts  vitrijiable Jiones\ 
for  by  any  experiment  hitherto  made,  no  water  could  be 
obtained  from  them.  Water  has  been  generally  conftdered 
as  a fubftance  fui  gcTierls^  pure  and  elementary,  notwith- 
ftanding  various  ingenious  perfons  have  after  ted,  that  it 
may  be  changed  into  other  fubftances,  efpecially  into 
earth.  This  aftertion  has  been  founded  principally  upon 
the  refult  of  various  experiments,  which  fhew,  that 
when  water,  as  pure  as  can  be  got,  has  been  repeatedly 
diftilled,  or  otherwife  treated,  in  proper  veffels,  it  generally 
leaves  a quantity  of  earth  at  the  bottom  of  the  veftbls.  It 
would  be  endlefs  to  relate  the  various  difputes  which  have 
originated  from  thofe  experiments,  and  the  labour  that  the 
experiments  themfelves  have  coft  to  feveral  ingenious  phi- 
^pfophers.  It  will  be  fufticient  for  our  prefent  purpofe 
to  mention,  that  the  moft  deciftve  experiments  as  yet  made 
feem  to  fhew,  that  the  earth  thus  found  in  the  veffels, 
wherein  water  has  been  diftilled,  or  otherwife  treated,  is 
either  an  extraneous  matter,  not  to  be  feparated  from  the 
water,  without  long  operations,  or  that  it  is  a matter 

abraded 
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abraded  from  the  veflels  by  the  joint  adion  of  water  and 
fire.  The  growing  of  plants  in  veflels  containing  nothing 
but  water,  has  alfo  been  alledged  as  a convincing  proof  of 
the  convertibility  of  water  into  other  fubflances,  or,  as 
fome  perfons  fancifully  flyle  it,  into  vegetable  earth.  This 
experiment  is,  however,  of  not  the  leafl:  weight;  it  being 
eafy  to  comprehend,  that  as  earthy,  faiine,  and  innume- 
rable other  particles  continually  float  in  the  air  ; the  water 
expofed  to  it,  although  previoufly  purified,  will  eafily 
imbibe  them,  and  thus  be  able  to  furnifh  matter  for  the 
vegetation  of  plants.  It  may  therefore  be  concluded, 
that  as  no  deciflve  experiment  has  hitherto  dernonftrated, 
that  water  is  convertible  into  any  other  fubflance,  or  any 
other  fubflance  is  convertible  into  water ; we  may  con- 
fider  it  as  a prime  elementary  principle ; by  which  we 
imply  not  an  impofllbility  of  altering  the  nature  of  water, 
but  only  acknowledge  our  incapacity  of  effeding  it  at 
prefent. 

Pure  Earth  has  alfo  been  confidered  as  an  element  un- 
alterable, and  fui  generis ; nay,  fome  philofophers  have 
even  confidered  it  as  the  only  original  element,  out  of 
which  all  the  other  fubflances  were  derived.  Never- 
thelefs,  experimental  philofophy,  in  oppofition  to  fancy 
and  opinion,  fhews  that  this  fuppofed  original  element 
has  the  leafl  right  to  be  confidered  as  fuch  ; it  being  al- 
mofl  impoflible  to  get  two  fpecimens  of  this  pure  earth 
that  are  perfedly  alike.  When  Chymifls  analyze  any  fub- 
flance;, 
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ftance,  they  conftantly  find  at  the  end  of  the  procefs  a 
quantity  of  earth,  upon  which  they  can  work  no  longer  ; 
becaufe  it  remains  fixed  and  unalterable  in  the  ftrongeft 
fire  they  can  produce,  &c.  But  if  it  be  confidered,  that 
there  are  various  forts  of  earth  endowed  with  the  fame 
properties  of  refilling  the  adtion  of  fire,  See.  which,  how- 
ever, are  not  changeable  into  one  ^another,  on  account  of 
various  other  properties  peculiar  to  each  of  them ; we 
fhall  then  be  obliged  to  abandon  the  notion  of  fuch  an 
original  element,  and  to  take  a feparate  view  of  the 
properties  belonging  to  each  body,  comprehended  un- 
der the  generic  name  Earthy  when  taken  in  the  popular 
fenfe. 

Fire  is  the  other  element  of  the  Chymifts ; whofe  nature 
has  occafioned  innumerable  controverfies,  and  which, 
whilft  it  is  one  of  the  greateft  agents  of  nature,  is  at 
the  fame  time  very  little  underftood.  To  mention  only 
a few  of  the  principal  hypothefes  relating  to  it,  with  their 
various  explanations  and  objedlions,  would  be  involving 
my  reader  in  a labyrinthl  of  philofophical  perplexities, 
as  ill  adapted  to  the  minds  of  novices,  as  they  are  foreign 
to  the  main  fubjedof  this  book.  In  order  to  give  an  ufe- 
ful  idea  of  its  nature  and  properties,  it  is  neceflary  to  ob- 
ferve,  that  by  the  word  Fire^  in  common  language,  we 
underftand  not  a fimple  fubftance,  but  a complex  idea  of 
fomething  red,  fhining,  which  excites  our  fenfation  of 
Feat,  and  rarefies  all  known  bodies : now  it  is  the  caufe 
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of  thofe  effeds  that  philofophers  mean,  under  the  appel- 
lation of  fire  conhdered  as  an  element.  The  great  point 
in  queftion  is,  whether  this  caufe  is  real  matter,  whofe 
efcape  from  burning  bodies  produces  the  above-mentioned 
effedls,  or  is  a particular  agitation  of  the  particles  of 
burning  bodies.  Both  hdes  of  the  queftion  have  been  de- 
fended by  very  refpe(ftable  perfons  in  the  philofophical 
world,  but  without  coming  to  any  decilion  fupported  by 
concluftve  experiments.  The  matter  of  fact  is,  that  every 
known  body  is  capable  of  becoming  hot,  either  by  the 
approach  of  ignited  bodies,  or  by  fri<ftion  and  other  means; 
but  every  body  is  not  capable  of  producing  fire,  that  is, 
of  being  inflamed.  Thus  aflies  may  be  made  very  hot, 
but  they  cannot  be  made  to  burn  like  charcoal  and  other 
fubftances,  which  are  therefore  called  inflammable  bodies. 
However,  inflammability  is  not  the  property  of  fome  bo- 
dies arifing  from  their  very  nature,  or  from  a particular 
arrangement  of  their  conftituent  particles,  but  is  the  pro- 
perty of  a particular  fubftance,  called  Phlogifion^  which, 
when  combined  with  various  fubftances  in  due  proportion, 
renders  them  inflammable.  This  phlogifton  cannot  be  ob- 
tained pure  and  unmixed  with  other  fubftances;  but  by 
divers  methods  it  may  be  feparated  from  a body  and  given 
to  another ; hence  an  inflammable  body  may  be  deprived 
of  its  inflammability,  and  a body  naturally  not  inflam- 
mable, may  be  rendered  inflammable  by  combining  it 
with  a fufficient  quantity  of  phlogifton.  This  inflam-. 
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mable  principle,  whether  the  elFeds  of  fire  are  attributed 
to  its  adual  violent  efcape  from  the  burning  fubftances 
and  propagation  among  the  furrounding  bodies,  or  to  a 
particular  agitation  of  its  particles,  feems  to  be  in  its  na- 
ture indeftrudtible  ; becaufe,  when  a body  is  burning,  the 
phlogifton,  which  efcapes  from  it,  is  not  annihilated,  or 
converted  into  fomething  elfe,  but  is  only  communicated 
to  the  air,  or  other  furrounding  bodies,  which  give  indif- 
putable  proofs  of  having  acquired  it,  or,  as  it  is  com- 
monly faid,  of  being  phlogijiicated.  This  fa£t  is  fo  true 
and  general,  that  a body  cannot  burn  where  there  are  no 
fubftances  ready  to  imbibe  the  phlogifton  that  efcapes 
from  it ; hence  a piece  of  charcoal  cannot  be  made  to 
burn  in  water,  becaufe  water  does  not  combine  but  with 
a fmall  portion  of  phlogifton,  not  to  be  compared  to  the 
great  quantity  of  it,  which  comes  out  of  the  charcoal 
whilft  burning.  But  in  air  the  charcoal,  or  any  other 
combuftible  body,  burns  very  well,  becaufe  the  air  eafily 
combines  with  phlogifton  j yet  when  the  air  furrounding 
the  burning  body  has  acquired  as  great  a quantity  of 
phlogifton  as  it  can  contain,  it  becomes  unfit  to  aftift  the 
combuftion  any  longer ; confequently,  the  fire  will  be 
extinguifhed,  except  the  air  be  changed.  From  this  it 
appears  why  the  wind,  that  is  a continual  change  of  air, 
promotes  combuftion,  and  alfo  why  a fire  will  not 
burn  well  where  the  air  is  in  fome  meafure  phlogifticated, 
and  why  the  fire  is  put  out  when  the  air,  which  has  once 

ferved 
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ferved  to  combuftion,  is  blown  upon  it  through  a pipe  or 
otherwife. 

Phlogifton,  or  the  inflammable  principle,  has  a great 
affinity  with  fome  bodies,  and  a very  flight  one  with 
others ; but  it  feems  that  a fmall  fliare  of  it  is  combined 
with  every  fubftance  that  falls  under  our  obfervation ; 
which  fmall  quantity  of  phlogifton  is  fo  very  difficult  to  be 
feparated  fpom  thofe  matters,  that,  perhaps,  there  was 
never  any  fubftance  obferved,  but  contained  fome  quan- 
tity of  it. 

To  explain  the  eftedts  of  fire  is  the  greateft  difficulty 
in  this  fubjedt,  and  which  indeed  feems  as  yet  to  elude  all 
philofophical  inveftigations.  Fire,  or  combuftion,  produces 
heat,  rarefadion,  and  light.  A fufficient  quantity  of 
light,  as  the  rays  of  the  fun  colleded  into  a fmall  fpace  by 
a burning-glafs,  produces  heat  fufficient  to  make  com- 
buftible  bodies  burn  ; and  independent  of  light,  a fuffici- 
ent quantity  of  heat  produced  by  fridion,  and  other  means, 
occafions  combuftible  bodies  to  burn  ; yet  it  is  difficult  to 
aflert,  whether  phlogifton,  either  in  motion  or  in  a quief- 
cent  ftate,  light,  and  heat,  are  the  fame  fubftance,  or  dif- 
ferent principles,  which  ad  upon  each  other  alternately, 
and  according  to  various  circumftances  one  or  more  of  ^ 
them  becomes  manifeft  to  our  fenfes. — Referring  thofe  of 
my  readers,  who  are  defirous  of  examining  particularly 
what  has  been  faid  on  light,  to  the  works  of  other  au- 
thors, who  have  written  exprefsly  upon  that  fubied  ; I 
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fball  conclude  this  chapter  with  mentioning  an  ingenious 
hypothelis  on  heat  and  combuftion,  lately  publifhed  by 
Mr.  Crawford,  in  his  ingenious  Treatife  on’  Animal 

Heat.T 

By  that  hypothecs  heat  is  coniidered  as  a principle  ftti 
generis^  diftind;  from  phlogifton,  and  difperfed  throughout 
the  bodies  of  the  univerfe,  according  to  their  vaidous  ca- 
pacities of  containing  it ; for  fome  bodies  ajDeiCapable  of 
containing  a greater  quantity  of  it,  than  others  of  the  fame 
bulk,  or  of  the  fame  fpecific  gravity.  When  this  natural 
difperfion  of  heat  is  difturbed,  fo  that  fome  bodies  are 
made  to  part  with  fome  of  their  natural  quantity  of  it^ 
and  others  are  made  to  acquire  it,  then  a fenfible  heat  is 
produced,  viz.  the  bodies  which  have  acquired  a fuper- 
jfluous  quantity  of  elementary  heat,  become  fenlibly  hot, 
fo  as  to  be  expanded,  to  expand  other  contiguous  bodies, 
&c.  and  by  gradually  communicating  their  fuperfluous 
heat  to  the  furrounding  bodies,  endeavour  to  return  to 
their  natural  Bate ; whilfl:  thofe  bodies  which  have  loft 
part  of  their  natural  heat,  become  fenftbly  cold,  and,  in 
order  to  reftore  the  equilibrium,  attract  part  of  the  heat 
belonging  to  the  furrounding  fubftances,  till  they  become 
all  of  the  fame  temperature.  It  is  further  advanced,  with 
the  fupport  of  very  nice  experiments,  that  generally  thofe  bo- 
dies, which  contain  a great  quantity  of  phlogifton,  have  but 
a fmall  quantity  of  elementary  heat  \ and,  on  the  contrary, 
that  thofe  bodies  which  have  the  leaft  quantity  of  phlo 
I o gifton. 
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gifton,  contain  the  greateft  fhare  of  elementary  heat;  from 
which  principle  it  follows,  that  when  a body  acquires  an 
additional  quantity  of  phlogifton  from  another  body,  it 
lofes  at  the  fame  time  a quantity  of  its  elementary  heat, 
which  heat  is  communicated  to  the  fubftance  that  has  loft 
the  phlogifton,  and  to  the  furrounding  bodies.  Now  in 
combuftion,  whilft  the  burning  body  is  continually  loftng 
its  phlogifton,  the  furrounding  air  imbibes  it ; but  by 
acquiring  this  additional  quantity  of  phlogifton,  the  air’s 
capacity  of  containing  elementary  beat  is  diminifhed,  and 
at  the  fame  time  the  capacity  of  the  burning  body  is 
augmented  by  the  lofs  of  the  phlogifton  ; therefore  it 
follows,  that  the  air  muft  depoftt  its  elementaay  heat 
upon  the  burning  fubftance,  and  other  contiguous  bodies, 
which  accordingly  become  fenftbly  hot.  Hence  may  be 
explained  why  a combuftible  body  is  caufed  to  burn  by 
making  it  very  hot ; for  in  proportion  as  the  body  ac- 
quires a fuperfluous  quantity  of  heat,  its  capacity  of  con- 
taining phlogifton  is  leffened,  confequently  the  phlogifton 
efcapes  from  that  body,  and  occaftons  the  combuftion. 
Mr.  Crawford  relates  a great  number  of  experiments  and 
natural  procefies,  which  he  explains  by  the  faid  hypo- 
thefts  ; which  feems  to  be  very  fatisfadlory,  and  may  be 
feen  at  large  in  the  above-mentioned  Treatife  on  Animal’ 
Heat. 
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CHAP.  III. 

Of  Acids* 

Acids  are  fuch  Tubflances,  either  in  a liquid  or 
concrete  form,  which  have  a four  tafte  like  vinegar, 
verjuice,  &c.  They  are  extracted  from  various  bodies, 
as  well  mineral  as  vegetable  or  animal ; on  which  account 
they  are  diftinguifhed  into  Mineral,  Vegetable,  and  Ani- 
mal Acids.  The  acids  of  the  firft  clafs  are  three,  viz. 
The  Vitriolic,  the  Nitrous,  and  the  Marine  acid.  The 
principal  vegetable  acids  are  the  Acetous,  the  Vinous 
acid  or  tartar,  the  eflential  acid  of  vegetables,  and  the 
acid  obtained  from  oils  and  refins.  The  Animal  acids 
are  principally  the  Phofphoric,  the  acid  of  ants  and  other 
infedls,  and  the  acids  of  healthy  and  difeafed  ftomachs  of 
animals.  Belides  thefe,  there  are  a few  more  acids  known, 
like  that  extracted  from  borax,  the  acid  of  bitumens,  &c. 
and  probably  there  are  feveral  others  unknown.  As  the 
acids  moftly  ufed  in  chymiflry,  and  other  branches  of  phi- 
lofophy,  are  thofe  extracted  from  minerals,  we  fhall  take 
particular  notice  of  them  in  this  chapter,  and  fhall  referve 
to  fpeak  of  the  others  when  we  are  examining  the  fub- 
ftances  from  which  they  are  obtained.  But  firfl  it  is  ne- 
ceffary  to  mention  thofe  properties,  which  belong  to  all 
the  acids  in  general,  by  which  they  are  diftinguifhed  from 
the  other  clafles  of  bodies. 
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I.  All  acids  have  a great  afEnity  to  water,  with  which 
they  combine  fo  very  eahly,  that  moft  of  them  generally 
appear  in  a liquid  form,  on  account  of  the  great  quantity 
of  water  with  which  they  are  mixed,  II.  They  may  be 
combined  with  fpirit  of  wine.  III.  With  abforbent  earths. 
IV.  With  alkalis.  V.  They  may  be  combined  with  me- 
tallic fubftances  ; but  every  acid  cannot  be  combined  with 
every  metal  indifcriminately.  VI.  When  they  are  much 
Concentrated,  that  is,  free  from  a good  deal  of  water,  they 
may  be  alfo  combined  with  phlogifton  and  oils. 

The  principal  eiFe^ts  arifing  from  their  various  com- 
binations, are  the  following.  I.  When  concentrated  acids 
are  properly  mixed  with  ice  or  fnow,  they  produce  cold. 
Indeed  fo  great  a degree  of  it  has  been  produced  by  this 
means,  that  even  quickhlver  has  been  frozen  by  it.  II. 
They  foften  and  diflblve  folid  animal  fubftances.  III.  They 
coagulate  moft  of  the  animal  fluids.  IV.  They  change 
to  red  the  blue,  and  heighten  the  red  colours  of  many 
vegetables,  excepting  the  volatile  fulphureous  acid,  which 
deftroys  thefe  colours.  From  this  property  is  derived  a 
method  of  difcovering  the  prefence  of  an  acid  in  any,fub* 
ftance,  when  its  quantity  is  fo  fmall  that  it  cannot  be 
diftinguifhed  by  the  acid  or  pungent  tafte  common  to 
acids.  The  pradical  method  is,  to  put  part  of  the  fub- 
ftance  to  be  tried  into  the  tindure  of  heliotropium,  or 
other  vegetable  infuflon  of  a blue  colour,  and  to  agitate 
the  mixture,  which  will  foon  aflume  a red  colour  if  the 

fubftance 
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fubftance  tried  does  really  contain  any  acid  uncombined. 
V.  They  refift  fermentation.  VI.  They  require  a greater 
degree  of  cold  than  water  in  order  to  freeze.  VII.  Laftly, 
when  they  are  combined  with  various  of  the  above-men- 
tioned fubftances,  they  expel  from  them,  or  for  fome  other 
reafon  produce  various  elaftic  fluids ; but  this  property 
will  be  particularly  examined  hereafter. 

' Befldes  the  above-mentioned,  every  acid  has  fome  pe- 
culiar properties,  by  which  they  are  diftinguiflied  from 
one  another ; and  even  fome  or  all  the  above-mentioned 
properties  are  poATelTed  by  one  acid  in  a more  eminent 
degree  than  by  another. ' It  has  been  the  opinion  of  many 
excellent  chymifts,  that  various  of  the  above-enumerated 
acids  are  only  modifications  of  a few  ; or  rather,  that  they 
are  all  modifications  of  one  primary  acid,  which  acquires 
different  properties  according  to  the  different  fubftances 
with  which  it  is  combined,  and  forms  the  other  acids. 
From  whence  it  follows,  that  by  proper  means  one  acid 
might  be  changed  into  another  ; but  this  tranlmutation 
of  acids,  although  attempted  by  many  induftrious  chy- 
mifts, I do  not  know  that  it  has  ever  fucceeded. 

The  acid  of  vitriol,  commonly,  though  improperly, 
called  oil  of  vitriol  in  the  fhops,  is  a fluid,  tranfparent, 
colourlefs,  and  inodorous  like  water,  but  much  heavier  and 
lefs  volatile  than  water  ; hence  by  diftillation  the  water 
may  be  fo  far  feparated  from  it,  that  the  acid  aflumes  a 
folid  form,  in  which  ftate  it  is  called  the  glacial  or  icy  oil 

of 
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of  vitriol.  Whea  this  acid  is  expofed  to  the  air,  it  at- 
trads  the  water  from  it,  in  cenfequence  of  which  its 
bulk  is  conhderably  increafed,  and  its  adlivity  is  weakened. 
As  this  acid  is  feldom  found  fimple  in  nature,  there  are 
various  means  pradifed  to  extract  it  from  thofe  minerals, 
which  contain  a great  quantity  of  it.  Thefe  minerals  are 
principally  fulphur  and  vitriols,  from  which  the  vitriolic 
acid  is  eafily  extra(9;ed  by  burning,  or  otherwife  decompof- 
ing  them.  The  vitriolic  is  the  jftrongeft  acid  hitherto  dif- 
covered  ; its  power  of  diffolvitig  compounds,  and  combin- 
ing with  fundry  fubftances,  being  upon  the  whole  ftronger 
than  that  of  any  other  acid.  The  following  lift  contains 
the  fubftances  with  which  the  vitriolic  acid  has  any  af- 
finity, beginning  with  thofe  with  which  it  has  the  ftrongeft 
affinity,  and  ending  with  thofe  which  it  feems  to  have  the 
leaft  affinity  with 

N.  B,  Thefe  fubflances  will  be  properly  defined  in  their 
proper  places.  — ^ 

1.  Pure  ponderous  earth,  7.  Zinc, 

2.  Fixed  vegetable  alkalies,  8.  Iron, 

3.  Fixed  mineral  alkalies,  9.  Lead, 

4.  Pure  lime,  10.  Tin, 

5.  Pure  magnefia,  ii.  Cobalt, 

b.  Volatile  alkali,  12.  Copper, 

* This  rule  in  arranging  the  fubftances,  which  have  affinity  with  a given 
body,  is  followed  in  all  the  lifts  of  affinities  throughout  this  Introduflion. 
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13.  Nickel, 

14.  Arfenic, 

1 5.  Bifmuth, 

16.  Quicklilver, 

17.  Antimony,. 

18.  Silver, 


19.  Gold, 

20.  Platina, 

21.  Argillaceous  earths, 

22.  Calx  of  iron, 

2 3»  Water,  and 
24.  Phlogifton. 


The  nitrous  acid  comes  next  to  the  vitriolic,  in  point 
of  fhrength  and  fpecific  gravity ; its  weight  being  to  that 
of  water  as  19  to  12;  whereas  the  weight  of  very  con- 
centrated vitriolic  acid  is  more  than  double  the  weight 
of  water..  The  nitrous  acid,  which  is  alfo  called  aqua 
forth  by  the  artifts,  from>  its  power  of  readily  diflblving 
moft  metals,  is  extracted  by  diftillation  from  a fait  called 
nitre^  or  falt-petre^  from  which  the  acid  evidently  derives 
its  more  ufual  name.  This  acid  being  lefs  fixed  than  the 
vitriolic,  cannot  be  fo  much  concentrated  as  to  afiume  a 
folid  form,  except  when  it  is  combined  with  fome  other 
fubfiance.  It  is  therefore  always  a fluid,  which  generally 
appears  of  a yellowifli  red  colour,  and  is  continually  ex- 
haling in  vapours  of  the  fame  colour  as  itfelf,  which  have 
a peculiar  ftrong  fmell.  It’mufh,  however,  be  obferved, 
in  regard  to  the  ufual  colour  of  this  acid,  that  by  ex- 
pofure  to  the  open  air  it  becomes  colourlefs,  and  at  the 
fame  time  acquires  an  addition  to-it«  bulk  by  extracting 
the  water  from  the  atmofphere,  which  this  acid  does  in  a 
confiderable  degree,  though  not  fo  ftrongly  as  the  vitriolic. 

T Indeed, 
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Indeed,  by  being  diluted  it  generally  lofes  its  colour  ; but 
even  when  much  concentrated,  the  yellowifh  red  colour 
has  been  lately  difcovered  by  Dr.  Priestly  to  be  not  ef- 
fential  to  it ; the  Dodlor  having  found  out  a method  by 
which  the  colour  of  this  acid  may  be  changed,  taken 
away,  or  given  to  it  at  pleafure.  “ The  fadts,”  fays  he, 
“ that  I fhall  relate,  prove  that  it  is  either  phlogtfion^  or 
mere  heat^  that  gives  colour  to  this  acid  ; that  this  colour 
“ may  alfo  be  all  expelled  by  heat ; but  that,  continuance 
‘‘  of  heat  will  give  it  more  colour,  and  deepen  it  at  plea- 
fure  ; fo  that  more  heat,  in  glafs  veffels  hermetically 
“ fealed,  feems  to  have  the  fame  effedl  with  phlogiflon. 

“ But  more  probably,  heat  affefts  it  in  fuch  a jnanner,  as 
“ to  develope,  as  it  were,  the  phlogiflon  it  contained  be- 
fore,  and  put  it  into  a new  Jiate^  rendering  that  part  of 
“ the  acid  to  which  it  is  attached  both  more  volatile,  and 
“ alfo  difpofed  to  refledl  the  rays  of  light  in  a particular 
“ manner  ; whereas,  before  this  adion  of  the  heat,  the 
phlogifton  was  latent^  at  leafl  did  not  evidence  itfelf  by 
“ thofe  particular  elfeds 

The  following  lifl'exhibits  the  fubflances  with  which  the 
nitrous  acid  has  an  affinity,  according  to  ProfefTor  Berg- 
man’s table  of  affinities,  publifhed  in  the  fecond  volume 
of  the  Nova  aSia  focietatis  fcient.  Upfalienjis  ; from  which  . 

* See  Dr.  Priestly’s  Experiments  and  Obfervations  relating  to  various 
Branches  of  Natural  Philofophy,  with  a Continuation  of  the  Obfervations  on 
Air,  which  makes  the  4th  volume  of  his  Experiments  on  Air.  Sedl.  I., 
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all  the  lifts  of  affinities  given  in  this  Introdudion  to  Chy- 
niiftry,  are  principally  taken. 


1.  Pure  ponderous  earth, 

2.  Fixed  vegetable  alkali, 
^ 3.  Fixed  mineral  alkali, 

4.  Pure  lime, 

5.  Pure  magnefta, 

6.  Volatile  alkali, 

7.  Zinc, 

8.  Iron, 

. 9.  Lead, 

10.  Tin, 

11.  Cobait, 

12.  Copper, 


13.  Nickel, 

14.  Arfenic, 

1 5.  Bifmuth, 

16.  Mercury, 

17.  Antimony, 

18.  Silver, 

19.  Gold, 

20.  Platina, 

2 1 . Pure  argillaceous  earth 

22.  Water,  and 

23.  Phlogifton. 


According  to  fome  Chymifts,  the  nitrous  as  well  as  the 
vitriolic  acid  is  faid  to  have  a ftronger  affinity  with  phlo- 
gifton than  with  any  of  the  metals,  or  any  other  fub- 
ftance  whatever. 

The  third  mineral  acid  is  the  marine,  fo  called  becaufe 
it  is  extraded  from  fea-falt,  or  other  falts  of  the  fame  . 
kind,  though  of  different  origin,  as  the  foffil  fait,  the 
fait  of  fountains  and  pits,  &c.  This  acid  feems  to  par- 
ticipate of  the  natures  of  both  the  vitriolic,  and  the 
nitrous.  It  is  fcarce  ever  concentrated  as  much  as 
the  other  two  acids,  by  reafon  of  its  being  much  more 

volatile 
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volatile  than  either ; hence  it  is  always  a fluid,  except 
when  combined  with  other  fubftances.  Its  ufual  colour 
is  more  yellow,  and  lefs  red,  than  the  nitrous  acid  ; yet 
Dr.  Priestly  has  difcovered,  that  this  colour  is  neither 
efTential  to  it,  nor  is  owing  to  phlogiflic  matter  combined 
Y/ith  it ; but  that  it  is  owing  to  fome  impregnation,  ge- 
nerally, if  not  always,  of  fome  earthy  matter,  with  which, 
it  is  well  known,  that  this  acid  unites  much  more  readily 
than  the  others ; and  that  by  feparating  the  earthy  matter 
from  the  coloured  marine  acid,  it  may  be  rendered  quite 
colourlefs  and  tranfparent  like  water *  ** 

The  fmell  of  marine  acid  is  much  like  fafFron.  It  is  a 
particular  property  of  this  acid,  to  diffolve  metallic  mat- 
ters with  lefs  heat  and  effervefence,  and  with  fewer  vapours 
than  the  nitrous  acid ; and  alfo  to  render  thofe  metallic 
folutions  in  great  meafure  volatile,  fo  as  to  be  capable  of 
being  fublimed  or  diftilled  along  with  it. 

I'he  following  lift  contains  the  various  fubftances,  with 
which  this  acid  has  any  affinity  ; 

s I.  Pure  ponderous  earth,  6.  Volatile  alkali 

2.  Fixed  vegetable  alkali,  7.  Zinc, 

3.  Fixed  mineral  alkali,  8,  Iron, 

4.  Pure  lime,  9.  Lead, 

5.  Pure  magnefta,  10.  Tin, 

* See  Dr.  Priestly’s  Experiments  and  Obfervations  on  Air,  Vol.  IV. 
Sea.  VIII. 

II.  Cobalt, 
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11.  Cobalt, 

12.  Copper,  - 

13.  Nickel, 

14.  Arfenic, 

15.  Bifmuth, 

16.  Mercury, 

17.  Antimony, 


18;  Silver, 

19.  Gold, 

20.  Platina, 

21.  Pure  argillaceous  earth,. 

22.  Calx  of  iron^ 

23.  Water,  and 

24.  Phlogifton. 


As  the  above-mentioned  acids,  efpecially  fuch  as  they 
are  bought  at  the  {hops,  are  feldom  or  never  pure  ; their 
properties  vary,  though  not  in  a very  great  degree,  ac- 
cording to  the  heterogeneous  fubftances  with  which  they 
happen  to  be  combined^ 

It  is  alfo  neceflary  to  be  remarked,  that  notwithftand- 
ing  various  fubftances  are  fet  in  the  lifts  of  the  affinities  of 
thofe  acids  ; yet  the  acids  have  no  power  of  ading  upon 
fome  of  them,  except  they  are  aided  by  lire,  or  two 
acids  are  combined  together.  Thus  either  the  marine 
or  nitrous  acid  are  incapable  of  diflblving  gold ; but 
when  mixed  together  they  form  a compound  menftruum, 
called  aqua  regia^  which  can  readily  diflblve  gold,  and 
platina. 

When  any  of  the  faid  acids  are  mixed  with  water,  a heat 
is  produced,  which  is  greater  or  lefs,  in  proportion  to  the 
ftrength  and  quantity  of  the  acid  employed.  When  about 
two  ounces  of  much  concentrated  vitriolic  acid  is  mixed 
with  an  equal  quantity  of  pure  water,  it  occalions  a hid- 
den 
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den  ebullition,  and  a noife  limilar  to  that  produced  by  a 
red-hot  iron  plunged  into  water. 


CHAP.  IV. 

Of  Alkalies, 

PREVIOUS  to  the  defcription  of  Alkalies,  it  is  necef- 
fary  to  mention  what  the  Chymids  mean  by  the  de- 
nomination of  falts,  the  various  fpecies  of  which  will  be 
confidered  in  the  next  chapter.  Thofe  bodies  are  called 
falts,  or  faline  fubftances,  which  are  foluble  in  water, 
affed;  the  fenfe  of  tafte,  and  in  regard  to  gravity  and  fixity 
are  generally  in  an  intermediate  degree  between  the  mofi: 
pure  earth  and  water.  It  is  of  no  confequence  whether 
the  tafte  of  a body  is  like  that  of  the  fait  commonly  ufed 
in  the  kitchen  or  not  ; but  if  it  has  any  tafte  at  all,  and 
is  foluble  in  water  ; in  fhort,  if  it  ftridly  anfwers  the  defi* 
nition  given  above,  it  is  confidered  as  a fait.  This  I.  do 
remark  particularly,  becaufe  many  perfons,  not  acquainted 
with  the  language  of  Chymiftry,  can  hardly  be  reconciled 
to  call  fugar  a fait  \ by  which  they  are  ufed  to  underftand 
the.  common  fait,  which,  by  its  difpleafing  tafte  when 
by  itfelf,  is  rather  confidered  as  diametrically  oppofite 
to  fugar.  By  the  definition  it  appears,  that  the  number 
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of  faline  fubftances  muft  be  very  great ; indeed  it  com- 
prehends fuch  a variety  of  bodies,  that  they  are  far  from 
being  all  fufficiently  known,  and  render  the  word  fait  a 
very  vague  and  too  general  a name.  There  are  various 
fubftances  confidered  as  falts,  which  in  reality  contain  but 
a fmali  portion  of  a really  faline  fubftance,  combined  with 
fome  other  matter  of  a quite  different  nature. 

Now  Alkalies,  or  Alkaline  fubftances,  are  faline  bodies, 
diftinguifhed  from  other  kinds  of  bodies  by  all  the  follow- 
ing properties.  I.  They  combine  with  acids  more  readily 
than  any  other  known  fubftance,  excepting  the  pure  pon- 
derous earth,  occaftoning  an  effervefcence  and  heat.  IL 
When  they  are  in  a concrete  form,  into  which  they  may  be 
eafily  reduced  by  evaporation,  if  expofed  to  the  open  air, 
they  attract  the  moifture  from  it,  though  not  fo  ftrongly  as 
concentrated  acids,  and  generally  deliqueate^  that  is,  become 
a fluid.  But  if  they  are  mixed  with  water  all  at  once,  a con- 
flderable  degree  of  heat  is  produced.  III.  They  generally 
change  the  blue  and  red  colour  of  vegetables  to  a green, 
whereas  the  acids  change  it  to  red,  or  to  a ftronger  red.  IV. 
They  have  an  acrid  burning  tafte,  which  has  fomething 
of  urinous.  V.  They  partly  exhale  with  water,  efpecially 
when  boiled  in  open  veffels.  VI.  They  may  be  fufed  by 
a moderate  heat ; and  in  that  ftate  they  diffolve  all  forts  of 
earths,  efpecially  thofe  called  vitrifiable ; and  if  the  heat 
is  fuflicient,  they  and  the  earth  form  a brittle  fubftance, 
9 called 
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called  glafs  ; and  upon  this  principle  common  glafs  is 
made. 

Alkalies  are  principally  difliinguiflied  into  fixed  and 
volatile  ; the  former  being  not  fo  eaiily  diflipated  even  by 
a ftrong  fire  ; for  which  reafon  they  are  commonly  em- 
ployed in  making  glafs,  and  other  compofitions.  But  the 
volatile  alkalies  are  fo  eafily  difiipated,  that  they  may  be 
almofl:  entirely  evaporated  by  a much  lefs  degree  of  heat 
than  that  of  boiling  water.  Notwithftanding  that  vari- 
ous forts  of  alkali  are  enumerated,  it  is  fuppofed  that  there 
is  but  one  alkaline  principle  in  nature,  which,  by  being 
varioufly  combined  with  fundry  fubftances,  aflumes  va- 
rious particular  properties.  However,  an  alkali  is  never 
found  pure  in  nature,  but  it  is  always  combined  with 
other  fubftances,  from  which  it  muft  be  feparated  by  art, 
in  order  to  obtain  it  fufiiciently  pure.  The  fixed  alkali 
is  obtained  either  from  fea-falt,  or  from  vegetables  ; hence 
it  is  called  fixed  mineral  alkali  in  the  firfi:  cafe,  and  fixed 
vegetable  alkali  in  the  fecond.  The  volatile  alkali  is  ob- 
tained, by  means  of  decompofition  and  putrefaction,  from 
all  animal  fubftances,  and  may  be  alfo  obtained  by  de- 
compofition, and  other  means,  from  fome  vegetable  and 
a few  other  matters.  Fixed  alkali,  whether  vegetable  or 
mineral,  has  always  the  fame  principal  properties  ; yet  they 
differ  from  one  another  in  degree,  viz.  the  mineral  alkali 
poffefles  the  alkaline  properties  in  a lefs  degree  thai^  the 
vegetable  alkali  \ for  when  it  is  expofed  to  the  open  air, 

F it 


34 


An  IniroduSiion  to  Chymijlry, 

it  will  not  attrad  the  moifture  from  it  in  fuch  a quantity 
as  to  deliqueate ; when  mixed  with  water  it  will  not  oc- 
cafion  fo  much  heat  as  the  fixed  vegetable  alkali,  &c. — Its 
affinity  with  other  fubftances  is  exhibited  below  : 


1.  Vitriolic  acid, 

2.  Nitrous  acid, 

^ 3.  Marine  acid, 

4.  Phofphoric  acid, 

5.  Acid  of  fugar, 

6.  Other  vegetable  acids, 

7.  Sulphur, 


8.  Oils, 

9.  Tin, 
io«  Lead, 

11.  Copper, 

12.  Gold,  and 

13.  Water. 


The  fixed  vegetable  alkali  has  an  affinity  witli  the  fol- 
lowing fubftances : 


li  Vitriolic  acid, 

2.  Nitrous  acid, 

3.  Marine  acid, 

4.  Phofphoric  acid, 

5.  The  acid  of  fugar, 

6.  Other  vegetable  acids, 

7.  Sulphur, 


8.  Oils, 

9.  Tin, 

10.  Lead, 

11.  Copper, 

12.  Gold,  and 

13.  Water. 


Alkaline  falts  are  of  great  ufe  in  Chymiftry,  not  only 
beeaufe  they  counterad  the  adion  of  acids,  but  alfo  be- 
caufe  they  are  powerful  folvents;  and  when  combined 

with 
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with  other  fubftances,  communicate  to  them  part  of  their 
faline  properties.  Thus  when  they  are  combined  with  ful- 
phur,  they  make  a compound  called  hepaf^fulphuris^  or  liver 
oifidphur^  which  is  diflbluble  in  water,  whereas  fulphur  by 
itfelf  is  not ; and  when  they  are  combined  with  oils,  form 
compounds  called  foaps^  which  are  dilTolvable  in  water, 
whereas  oil  by  itfelf  is  not.  The  fixed  alkali,  more  com* 
monly  ufed,  by  reafon  of  its  greateft  purity,  is  that  ex- 
trafted  from  tartar,  which  is  a fubfliance  found  adhering 
to  the  fides  of  cafks  that  have  contained  wine,  and  is  con* 
fidered  as  the  effential  fait  of  that  liquor.  This  alkali, 
when  it  is  in  a liquid  form,  by  its  combination  with  a 
fufficient  quantity  of  water,  is  commonly,  but  improperly, 
called  oil  of  tartar. 

Volatile  alkali,  when  firft  extradled  from  animal  or  ve- 
getable fubftances,  is  very  impure,  but  by  proper  methods 
it  may  be  purified  to  a great  degree;  and  in  that  purified 
ftate  it  differs  from  fixed  alkali,  principally  becaufc  it  is 
very  volatile,  and  it  has  a ftrong  penetrating  fmell,  which 
occafions  coughs,  fuffocation,  &c. — The  hart’s-horn  drops 
commonly  ufed,  the  fmell  of  which  alinoft  every  body 
knows,  are  a volatile  alkali. 

The  volatile  alkali  has  an  affinity  with  the  following 
fubftances  : 


1.  Vitriolic  acid,  3.  Marine  acid, 

2,  Nitrous  acid,  4.  The  acid  of  fugar, 

F 2 5.  Other 
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5.  Other  vegetable  acids, 

6.  Sulphur, 

7.  Oils, 

8.  Zinc, 

9.  Tin, 

10.  Cobalt, 


11.  Copper, 

12.  Nickel,  . 

13.  Bifmuth, 

14.  Silver, 

15.  Gold,  and 

16.  Water. 


CHAP.  V. 

Of  Salts. 

From  the  definitions  of  Salts,  or  Saline  fubfiances^ 
given  in  the  preceding  chapter,  it  appears,  not  only 
that  their  number  is  very  unlimited,  but  alfo  that  they 
are  compound  bodies.  Acids  and  alkalies,  and  combina- 
tions of  both,  when  in  a concrete  form,  are  falts,  and  of 
the  pureft  fort.  The  bodies  therefore  to  which  the  name 
of  falts  more  properly  belongs,  are  the  concretions  of 
thofe  fubftances,  which  are  accordingly  called  acid  falts^ 
alkaline  falts^  and  neutral  falts  ; which  laft  are  combina- 
tions of  acid  and  alkaline  falts,  in  fuch  proportion  as  to 
render  the  compounds  neither  four  nor  alkaline  to  the 
tafte.  This  proportionate  combination  is  called  fatura- 
tion  : thus  the  common  kitchen  fait  is  a neutral  faljt,  com- 
pofed  of  marine  acid  and  mineral  alkali  combined  to- 
gether to  the  point  of  faturation.  The  appellation  of 

neutral 
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neutral  falts  is  alfo  extended  to  denote  all  thofe  combina- 
tions O'f  acids,  and  any  other  fubftance,  with  which  they 
can  unite  fo  as  to  lofe,  wholly  or  in  great  meafure,  their 
acid  properties. 

Notwithftanding  that  the  general  definition  of  falts 
given  above  is  commonly  received,  yet  there  are  many 
writers,  efpeeially  mineralogifts,  who  confine  the  deno- 
mination of  falts  to  thofe  fubftances  only,  which,  befides 
the  general  properties  of  falts,  have  the  power  of  cryfial- 
li^tng^  that  is,  of  arranging  their  particles  fo  as  to  form 
regularly-fiiaped  bodies,  called  cryftals ; when  the  water 
fuperfluous  to  their  concrete  exiftence  has  been  evapo^- 
rated. 

Salts  of  various  forts  are  found  already  formed  in  na- 
ture, but  a great  many  others  are  made  by  art,  and  even 
feveral  of  the  natural  ones  may  be  imitated.  In  this 
chapter  we  fhall  confider  thofe  falts  only,  either  natural 
or  artificial,  which  are  mofily  ufed,  and  are  necefifary  to 
underfland  the  following  treatife,. 

The  vitriolic  acid,  when  combined  with  other  fubftances, 
forms  vitriolic  falts,  which  vary  both  in  fpecific  names  and 
properties,  according  to  the  various  fubftances  with  which 
the  acid  is  combined.  Thus  the  vitriolic  acid,  corribined 
with  mineral  alkali,  forms  the  fait  called  Glauber  s faky 
or  fal  mirabile.  When  it  is  combined  with  calcareous 
earths,  it  forms  vitriolic  falts  with  bafes  of  calcareous 
earth,  which  are  commonly  called  falenites.  When  com- 
bined 
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bined  with  argillaceous  earths,  it  forms  alum.  When  com^ 
bined  with  metals,  it  forms  vitriolic  falts  with  metallic 
, bafes,  to  which  the  general  name  Vitriols  is  given;  and 
in  commerce  are  commonly  called  copperas,  '■  The  vitriols 
principally  ufed  are,  i.  The  martial  vitriol'^  called  alfo 
Englijh  vitriol^  green  vitriol^  or  green  copperas ^ which  is  a 
combination  of  vitriolic  acid  with  iron.  2.  The  vitriol 
of  copper,  called  alfo  bltie  vitriol^  Cyprian  vitriol^  or  blue 
copperas  ; which  is  a combination  of  vitriolic  acid  and  cop- 
per. 3.  The  vitriol  of  zinc,  called  2X^0  white  copperas^  2in6. 
Gojlar  vitriol',  which  is  a combination  of  the  fame  acid 
with  a femi-metal,  called  zinc.  It  is  a property  peculiar 
to  the  vitriolic  acid,  that  all  the  combinations  of  it,  with 
thofe  fubftances  with  which  it  can  form  neutral  falts,  are 
fufceptible  of  cryflallization. 

The  nitrous  acid,  combined  with  all  the  fubftances, 
with  which  it  can  mix,  forms  faline  fubftances,  in  general 
called  nitrous  falts  ; fpecifying  each  particular  fait  by  the 
name  of  the  fubftance  united  to  the  acid.  Thus  nitrous 
acid,  with  fixed  vegetable  alkali,  forms  a faline  fubftance 
called  nitre,  or  faltpetre.  With  mineral  alkali,  forms  cubic 
or  quadrangular  nitre.  When  mixed  with  metallic  fub- 
ftances, forms  metallic  nitres,  which  are  fpecified  nitre  of 
gold ; nitre  of  fiver,  or  lunar  nitre,  lunar  cryfials,  and 
cryfials  of  fiver ; nitrous  cryflals  of  mercury ; nitre  of  cop- 
per, See, 

The  marine  acid,  combined  with  various  matters,  forms 
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marine  falts^  or  limply  faltSy  fpecilied  by  the  names  of  their 
particular  bafes.  The fea-falt^  or  Utchen-falt^  and  fal gem^ 
are  combinations  of  marine  acid  and  mineral  alkali.  When 
this  acid  is  combined  with  volatile  alkali,  it  forms  fal  arn^ 
moniac  With  metals  it  forms  metallic  falts,  called  fait  of 
goldy  fait  of  coppery  &c.  according  to  the  various  metals 
combined  with  the  acid.  The  fait  of  lilver  is  alfo  called 
luna  cornea ; the  fait  of  lead  is  often  called  plumbum  cor- 
neum ; and  the  falts  of  antimony,  and  of  arfenic,  are 
known  by  the  names  of  butter  of  antimony y and  butter  of 
arfenic. 

The  acid  of  tartar  (the  pureft  part  of  which,  or  that 
faline  fubflance  which  lirll  cryftallizes,  by  evaporation,  in 
the  velTels  in  which  it  is  purified,  is  called  cream  of  tar- 
tar)y  and  alfo  all  other  concrete  vegetable  acids  analogous 
to  it,  when  mixed  with  various  other  fubftances,  form 
compounds,  generally  called  tartareous  faltSy  or  foluble 
tartars,  becaufe  they  are  difiblved  by  water  more  eafily 
than  the  aC^d  of  tartar  itfelfi 

Acetous  falts,  that  is  all  falts  containing  the  acid  of 
vinegar,  are  alfo  combined  with  various  bafes,  and  form 
faline  fubftances  of  different  names,  the  principal  of  which 
are  the  acetous  fait  of  copper,  called  cry  flak  of  venusy  or 
of  verdigrife  by  the  Chymifts,  and  diflilled  or  cryftallized 
verdigrife  in  commerce ; the  acetous  fait  of  lead,  com- 

* Ammoniacal  falls  is  alfo  a general  name  given  to  all  neutral  falts  compofed 
of  an  acid  faturated  with  a volatile  alkali. 

9 monly 
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monly  called  y2?//,  or  fugar  of  lead  \ and  the  acetous  mer- 
curial falts. 

Sugar  is  an  effential  vegetable  fait,  of  a pleafant  fweet 
tafte,  containing  a vegetable  acid  combined  with  earth 
and  oil. 

Potajh  is  a fixed  vegetable  alkali,  extracted  from  the 
afhes  of  wood.  Concrete  volatile  alkalies  are  generally- 
called  volatile  falts ; although  this  name  is  fometimes  alfo 
given  to  the  volatile  fait  of  amber,  which  is  not  an  alka- 
line, but  an  acid  fait. 

Borax  is  a neutral  faline  matter,  whofe  origin,  whether 
animal  or  vegetable,  is  as  yet  irhknown,  its  components 
being  not  fufficiently  examined.  It  is  foluble  in  water, 
and  very  nearly  as  cryftallizable  as  alum.  When  borax  is 
expofed  to  the  fire,  it  firft  bubbles  and  foams  very  much, 
but  afterwards  it  melts  into  a clear  glafs.  When  acids 
are  combined  with  the  alkaline  part  of  borax,  a fubftance 
of  a fingular  nature  is  feparated  from  it,  commonly  called 
fedative  fait.  Although  this  fubftance  acfts  an  acid  in 
borax,  by  faturating  its  alkali,  yet  it  has  no  acid  tafte,  nor 
doth  it  turn  the  tindure  of  heliotropium  to  a red,  as  other 
acids  do.  It  is  the  property  of  borax  to  facilitate  con- 
fiderably  the  fufion  of  metals,  of  earths,  and  other  mi- 
nerals. Some  fpecies  of  ftones  and  earths  cannot  be  vitri- 
fied at  all,  except  they  are  mixed  with  borax.  For  this 
property  borax  is  commonly  ufed  as  a flux  (that  is,  a fub- 
ilance  which  facilitates  the  fufion  of  other  bodies)  in  va- 
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rious  manufadlories  ; but  efpecially  in  foldering  metaFsy 
and  in  affaying  ores 

Phofphoric  falts  are  combinations  of  alkaline,  earthy, 
and  metallic  fubftances  with  the  acid  obtained  from  the 
phofphorus  of  urine ^ which  fubftance  will  be  defcribed 
hereafter. 

Belides  the  above-mentioned  falts,  there  are  feveral 
others  to  be  met  with  in  the  writings  of  the  chymical  and 
medical  authors  \ but  as  they  are  of  little  confequence  far 
our  prefent  purpofe,  we  fhall  omit  any  account  of  them, 
and  fhall  only  mention  a few  interefting  particulars  relat- 
ing to  the  formation  and  properties  of  nitre;  which  fait 
furnifhes  ample  matter  for  fpeculation  in  the  fubje(51:  of 
elaftic  fluids. 

Nitre,  as  we  have  already  mentioned,  is  a neutral  fait, 
containing  a particular  acid  called  nitrous  acid^  and  fixed 
vegetable  alkali ; for  thefe  fubftances  may  be  obtained 
from  nitre  by  decompofition.  It  is  found  naturally  cryf- 
tallized  in  India  only ; but  the  quantity  is  very  fmall  in 
comparifon  to  that  ufed,  which  is  furnifhed  partly  by  na- 
ture, and  partly  by  art.  Befides  India,  there  is  no  place 
wherein  this  fait  is  found  readily  cryftallized,  or  exifting 
in  great  accumulated  quantities  like  other  minerals  ; but 
it  is  formed,  as  it  feems,  by  the  concurrence  of  various 
circumftances ; it  being  moft  commonly  found  in  old 

* Ores  are  mineral  bodies  containing  a metallic  fubftance  joined  to  other 
matters ; generally  earth,  and  fulphiir. 
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walls  of  buildings,  and  in  places  impregnated  with  vege- 
table and  animal  juices  fuch  as  kitchens,  ftables,  cellars^ 
&c.  efpecially  when  they  are  low  and  nioift  -f*.  This 
obfervation  has  induced  feveral  Chymifts  to  believe,  that 
nitre  exifts  ready  formed' in  vegetable  and  animal  bodies, 
and  that  the  fluids  proceeding  from  thofe  bodies  carry  it 
off,  and  impregnate  thofe  places  in  which  it  is  found. 
The  old  Chymifts  fuppofed  that  nitre  was  formed  by  the 
concurrence  of  air  and  earth.  They  thought  that  a ni- 
trous acid  fpirit  exifted  in  the  air,  which  fpirit,  by  gra- 
dually adhering  to  fome  earth,  formed  nitre  % ; but  this 
opinion  is  at  prefent  rejected,  becaufe  feveral  fubftances 
feemingly  moft  proper  to  imbibe  the  nitrous  acid,  after 
being  expofed  to  the  air  for  a confldcrable  time,  were 
not  found  to  contain  any  nitre. 

The  nitre  fo  found  in  places  impregnated  with  animal 
or  vegetable  juices,  is  very  impure,  fo  that  it  cannot  be 
iifed  unlefs  firft  purified  by  art.  The  method  in  general 
ufed  by  thofe  who  make  it  their  bufinefs  to  purify  nitre, 
is  the  following  : — 

The  pieces  of  earth  and  rubbifli  containing  the  impure 
nitre,  being  broken  to  fmall  fragments,  are  put  into  calks, 
together  with  an  equal  quantity  of  wood-afties  ; then  wa- 

* Some  nitre  may  be  obtained  from  feveral  plants. 

■f  The  nitre  brought  from  India  is  found  upon  the  furface  of  the  ground, 
efpecially  in  thofe  places  of  India  and  Perfia  upon  which  populous  villages 
formerly  ftood  ; or  which  are  contiguous  to  large  rivers. 

ij:  See  Mayow  de  fal-nitro,  et  fpiritu  nitroaereo. 
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ter  is  repeatedly  poured  upon  them,  fo  as  to  wafli  off  all 
the  faline  matter  from  the  rubbiffi.  This  water  or  lix~ 
ivium  is  conferved,  and  from  it  the  nitre  is  to  be  obtained  ; 
in  order  to  which,  they  put  it  in  large  copper  cauldrons 
upon  the  fire,  and  leave  it  to  evaporate.  Now  this  lix- 
ivium contains  two  forts  of  fait,  namely,  common  fait,  and 
nitre ; the  firfl  of  which  is  cryflallizable  by  evaporation, 
and  the  fecond  by  cold ; hence,  when  the  lixivium  has 
boiled  and  evaporated  to  a certain  degree,  the  common 
fait  cryftallizes  at  the  bottom  of  the  cauldrons,  and  is  taken 
away  with  proper  ladles  ; then  the  remaining  lixivium 
is  removed  from  the  fire,  and  carried  into  proper  places 
to  cryftallize  the  nitre,  which  will  be  found  formed  into 
unfiiapely  maffes ; and  is  feparated  from  the  water.  This 
nitre  fo  obtained  is  far  from  being  pure,  as  it  ftill  contains 
a quantity  of  common  fait  and  other  fubftances,  from 
which  it  is  feparated  by  diffolving  it  in  pure  water,  and 
fuffering  it  to  cryftallize  again.  Thus  the  nitre  is  rendered 
more  pure ; and  by  repeating  this  operation,  it  is  fome- 
times  purified  a third  and  even  a fourth  time,  in  ’order  to 
render  it  fit  for  the  niceft  chymical  operations. 

Nitre  is  eafily  fufed  by  a heat  lefs  than  what  is  required 
to  make  it  red  hot,  and  if  after  fufion  it  be  left  to  cool, 
it  coagulates  into  a folid  femi-tranfparent  body,  called 
mineral  cryflal ; which,  however,  befides  the  form,  re- 
tains all  the  properties  of  nitre  before  the  fufion. 

The  moft  remarkable  property  of  nitre  is,  to  afiift  the 

G 2 combuftion 


44  IntroduSiion  to  Chymtjlry, 

combuftion  of  inflammable  bodies.  When  it  is  properly- 

mixed  with  various  combuftible  matters,  it  contributes  to 
/ 

their  quick  combuftion  fo  far,  that  they  and  the  nitre  ex- 
plode with  violence  and  noife,  which  is  called  detonation  % 
hence  nitre  is  a neceflary  ingredient  in  the  compolition  of 
gunpowder,  and  becomes  a very  conflderable  article  in 
commerce  as  well  as  in  philofophy.  When  nitre  is  decom- 
pofed  by  ftrong  fire,  it  produces  a permanently  elaftic  fluid,, 
not  only  analogous,  but  much  purer  than  common  air  ; 
it  being  capable  to  alTift  combuftion  and  animal  life  much 
better  and  longer  than  air  can.  It  is  owing  to  this  re- 
markable kind  of  elaftic  fluid,  that  the  combuftion  of 
inflammable  bodies  is  fo  much  facilitated  by  their  com- 
bination with  nitre,  that  they  may  be  made  to  burn  even 
where  air  does  not  exift  This  elaftic  fluid,  together 
with  farther  conflderations  on  the  nature  of  nitre,  will  be 
particularly  examined  in  the  following  fheets. 

* Compofitions  capable  of  burning  under  water,  or  in  vacuo,  are  to  be  met 
with  in  the  writings  of  various  authors,  efpeclally  in  Ozanam’s  Works. 
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CHAP.  VI. 

Of  Earths. 

TH  E bodies,  which,  befides  falts,  make  up  the  folid 
part  of  our  globe,  are  divided  by  the  beft  mineralo- 
gifts  into  earths,  inflammable  minerals,  metals,  and  femi- 
metals.  Moft  of  the  bodies  belonging  to  thofe  claflfes  are 
fometimes  found  pretty  pure,-  and  feparate  from  other  mat- 
ter, in  various  places  of  the  earth  ; but  in  general  they 
are  fo  intermixed  together,  that  the  greateft  endeavours 
of  art  are  fcarce  fufficient  to  afcertain  the  particular  com- 
ponents. Thus,  for  inftance,  various  forts  of  earth  con- 
tain a fmall  quantity  of  fome  metal  or  other,  which  is  fo 
intimately  combined  with  it  that  it  can^with  difliculty  be 
obferved  ; and  probably  a fmall  portion  of  every  metal  is> 
to  be  found  in  earth  of  every  kind. 

The  minerals  comprehended  under  the  clafs  of  earths, 
are  bodies  not  ducftile,  generally  not  diflToluble  in  water  or  ' 
oils,  and  which,  when  by  themfelves,  preferve  their  con- 
ftitution  in  a ftrong  fire.  They  may  be  arranged  into  the 
following  orders,  viz.  i.  Calcareous  earths.  2.  Siliceous 
earths.  3.  The  Garnet  kind.  4.  Argillaceous  earths. 
5.  The  Micaceous  kind.  6.  The  Albeftus  kind.  7.  And 
the  Zeolites.  ' 

The  flrft  order,  under  the  denomination  of  calcareous 
earths,  comprehends  the  lime-ftone,  chalk,  the  ftaladlites, 
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otliervvife  ftone  icicles,  ondrop-ftone,"  the  various  forts  of 
marble,  and  others.  The  general  properties  by  which  the 
earths  of  this  order  are  diftinguifhed  from  the  others,  ac- 
cording to  Gronstedt’s  Mineralogy,  are  the  following  : 

1.  Tfiey  become  friable,  when  burnt  in  the  fire,  and 
afterwards  fall  into  a white  powder. 

2.  Their  falling  into  powder  is  promoted,  if,  after  be- 
ing burnt,  they  are  thrown  into  water ; whereby  a firong 
lieat  arifes,  and  a partial  folution. 

3.  They  cannot  be  melted,  by  themfelves,  into  a glafs, 
in  a firong  fire. 

4.  When  burnt,  they  augment  the  caufhicity  of  the 
lixivium  of  potafhes. 

5.  They  are  difiblved  in  acids  with  effervefcence. 

. 6,  They  melt  eafily  with  borax,  or  fal  fufibile  micro- 
cofmicum,  into  a glafs,  which  fulfers  imprefiions  in  a de- 
m*ee  of  heat  below  iornition. 

D 

7.  They  melt  the  readiefl:  of  all  kinds  of  ftones,  with 
the  calces,  into  a corrofive  glafs  or  flag. 

8.  They  have  alfo  fome  power  of  reducing  certain  me- 
tallic earths  or  calces  ; for  inftance,  thofe  of  lead  and  of 
bifmuth,  and  likewife,  though  in  a lefs  degree,  thofe  of 
copper  and  iron ; which  is  a property  of  fixed  alkaline 
falts ; hence  thefe  earths  are  fometimes  called  alkaline 
earths. 

The  fecond,  which  might  well  be  called  the  precious 
order^  contains  the  hardefi;  bodies  among  the  earths,  and 
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indeed  among  all  the  known  fubftances.  The  diamond, 
the  ruby,  the  topaz,  the  opal,  and  other  precious  ftones, 
the  cornelian,  the  agate,  the  common  flint,  the  jafper, 
&c.  are  of  this  clafs  ; to  all  which  Mr.  Crons tedt  afligns 
the  following  generic  properties  ; 

1 . In  their  indurated  ftate  they  are  hard,  if  not  in  re- 
gard to  the  whole,  yet  at  leafl:  in  regard  to  each  particle, 
in  a degree  fufiicient  to  ftrike  fire  with  fteel,  and  to  fcratch 
it  when  rubbed  againfl:  it,  though  the  fteel  be  ever  fo  well 
tempered. 

2.  When  pure,  and  free  from  heterogeneous  particles, 
they  do  not  melt  by  themfelves  in  a very  ftrong  fire. 

3.  After  being  burnt,  they  do  not  fall  to  a powder, 
neither  in  the  open  air,  nor  in  water,  as  the  calcareous 
order  does,  but  become  only  a little  loofer,  and  more 
cracked  by  the  fire,  unlefs  they  have  been  very  flowly  and 
by  degrees  heated. 

4.  They  excite  no  effervefcence  with  acids.  - 

5.  In  the  fire  they  melt  eafiefl:  of  all  to  a glafs  with  the 
fixt  alkaline  falts ; and  hence  they  have  got  the  name  of 
vitrefcent^  though  this  name  is,  properly  fpeaking,  lefs 
applicable  to  this  order  than  to  a great  many  other 
earths. 

The  minerals  of  the  Garnet  kind,  as  Mr.  Crons  tedt 
obferves,  might  as  well  be  arranged  with  thofe  of  the 
Siliceous  kind,  becaufe  they  feem  to  be  in  every  refped; 
filiceous  earths  combined  with  a quantity  of  metal,  ge- 
nerally 
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nerally  iron  ; the  different  proportions  of  which  render 
thofe  ftones  more  or  lefs  fudble,  and  conftitute  their  dif- 
ferent fpecies. 

The  order  of  Argillaceous  earths  may  be  divided  into 
two  parts ; one  containing  thofe  argillaceous  earths,  which 
are  not  diffolvable  by  water  ; and  the  other  containing 
thofe,  which  grow  foft  in  water,  and  when  only  moiftened, 
become  tenacious,  fo  as  to  be  fhaped  in  any  required  form. 
Thefe  are  called  clays ; thus  porcelain  clay,  common  clay, 
&c.  belong  to  this  order  of  argillaceous  earths ; the  com- 
mon property  of  all  which  is,  that  they  become  hard  in 
the  fire,  and  when  broken,  exhibit  a dull  granulated  fur- 
face,  as  if  they  were  compofed  of  very  fmall  and  diftind: 
particles. 

The  earths  called  Micaceous  have  the  following  diftin- 
guilhing  properties : — They  are  compofed  of  thin  and 
flexible  particles,  which  have  a fliining  furface,  and  may 
be  eafily  divided  into  leaves,  which,  if  expofed  to  the  fire, 
lofe  their  flexibility,  become  brittle,  and  feparate  into 
thinner  leaves  ; but  it  is  very  difficult  to  fufe  them  into 
a glafs,  without  the  addition  of  fome  other  proper  matter. 
Alkaline  falts  or  borax  facilitate  their  fufion  confider- 
ably. 

The  earths  of  the  Afbeftus  kind  are  diftinguiffiable  from 
the  others  by  their  being  very  refradory,  that  is,  they 
are  not  altered  in  the  fire,  except  that  they  are  only  ren- 
dered more  brittle.  . They  are  partly  flexible,  and  have  a 
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dull  uneven  furface.  They  are  not  adled  upon  by  acids ; 
but  when  mixed  with  borax,  they  are  fufible  like  other 
earths. 

The  Zeolites  form  a particular  order,  becaufe  they  are 
harder,  than  thofe  of  the  calcareous  kind.  They  melt 
eaftly  in  the  fire,  occafioning  an  ebullition  like  borax. 
In  the  fire  they  are  more  eafily  diffolved  by  the  fixed 
mineral  alkali,  than  by  any  other  flux.  They  are  diffolved 
by  acids  very  flowly,  and  without  any  effervefcence. 

Befides  thofe  above-mentioned,  there  are  fome  other 
earths  of  the  magnefe  kind,  in  French  called  mangonefcy 
which,  by  fome  mineralogifts,  are  confidered  like  ores  of 
metals ; but  wc  fhall  have  occafion  to  fpeak  of  them  in 
other  places. 

There  are  fome  calcareous  earths  to  which  fome  mine- 
ralogifts give  the  name  of  jiuors  and  arrange  them  into 
a particular  order  ; owing  to  fome  flight  difference  which 
feemed  to  appear  between  thefe  and  the  other  calcareous 
earths.  Mr.  Scheele,  a philofopher  of  very  great  merit, 
by  diftilling  a mixture  of  thofe  fluors  and  vitriolic  acid, 
obtained  an  acid,  which  he  conftders  as  fui generis^  diftindt 
from  the  vitriolic,  the  nitrous,  or  the  marine  acid.  He 
gave  it  the  name  of  fiuor  acid^  admitting  it  as  a fourth 
mineral  acid.  But  Dr.  Priestly,  fpeaking  of  this  acid, 

* The  word  fluor^  in  Chymiftry,  fignifiesalfo  fluid : thus  the  acids,  which  are 
-generally  in  a fluid  form,  are  called  fluor  acids  % whereas  the  eflTential  acid  falts, 
the  acid  of  tartar,  &c.  are  called  concrete  acids. 
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in  the  28th  fed:,  of  his  third  volume  of  Experiments  and 
Obfervations  on  different  kinds  of  Air,  confiders  it  as  no- 
thing more'  than  the  vitriolic  acid  difguifed  by  the  com- 
bination of  the  fluor  earth.  “ In  my  former  inveftiga- 
“ gations,”  fays  he,  “ of  the  nature  of  this  acid,  I ad- 
“ vanced  an  opinion,  fufficiently  fupported,  as  I think, 
“ by  experiments,  that  it  is  neither  a new  mineral  acid, 
“ as  Mr.  ScHEELE,  who  made  the  firft  difcoveries  concern- 
ing  it,  fuppofed,  nor  the  marine  acid  difguifed,  as  Mr. 
“ Boulanyer  has  conjedured;  but  in  fad,  nothing  more 
“ than  the  vitriolic  acid  itfelf^  that  is  employed  in  the  fo- 
“ lution  of  the  fpar,  exhibited  in  the  form  of  air,  by 
“ means  of  the  phlogifton  which  it  contains,  and 
“ loaded  with  a quantity  of  Jluor  crujl^  which  is  part  of 
“ the  earth  of  the  fpar^.” 


CHAP.  VIL 

Of  Inflammtdde  Minerals, 

IN  the  preceding  pages  we  mentioned,  that  a fmall 
quantity  of  phlogifton  does  probably  exift  in  bodies 
of  every  kind.  This  quantity,  when  enveloped  in  a pro- 

* The  name  fpar  is  given  to  thofe  cryftallized  ftones,  more  or  lefs  tranfparent, 
which  are  found  under  ground,  efpecially  in  metallic  mines,  and  are  not  hard 
enough  to  ftrike  fire  with  fteel.  By  their  properties  they  feem  to  belong  to 
various  orders  of  earths  j hence  they  acquire  various  appellations,  as  calcareous 
fparsj  gy/pfeous  fpars^  &c. 

portionably 
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portionably  great  quantity  of  earth  or  other  matter,  is 
infufficient  to  render  the  compound  inflammable  ; but 
when  the  quantity  of  the  inflammable  principle  is  fo  great, 
in  comparifon  to  the  other  components,  that  the  mineral 
body  is  capable  of  being  inflamed,  it  is  then  called  in- 
fiammable  mineral ; fuch  is  fulphur,  pit-coal,  8cc.  It  has 
been  the  opinion  of  fome  philofophers,  that  moil  of  the 
bodies  belonging  to  this  clafs  were  originally  generated 
from  animal  or  vegetable  fubftances,  which,  in  a long 
period  of  time,  meeting  with  acids  and  other  fubftances 
in  the  bowels  of  the  earth,  underwent  various  changes, 
till  they  acquired  the  form  in  which  they  appear  at  pre- 
fent.  The  fadl  is,  that  the  origin  of  moft  inflammable 
minerals  is  exceedingly  doubtful.  When  chymically  ana- 
lyzed, they  generally  give  a fetid  empyreumatic  oil,  fome 
earth,  water,  and  a fmall  quantity  of  fome  fait  or  other. 
By  a mixture  of  reflns,  oils,  and  other  vegetable  or  ani- 
mal productions,  fome  inflammable  minerals  are  pretty 
well  imitated ; but  we  muft  not  therefore  conclude,  that 
they  were  originated  from  the  animal  or  vegetable  king- 
dbms. 

The  bodies  of  this  clafs,  which  are  of  a more  general 
ufe,  are  fulphur,  amber,  and  ambergrife,  the  rock-oil, 
the  afphaltum,  and  pit-coal. 

Sulphur,  among  the  ancient  Chymifts,  and  cfpecially 
Alchymifts,  denoted  all  kinds  of  inflammable  fubftances, 
and  with  fome,  it  flgnified  only  the  inflammable  principle; 
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hence  they  talked  of  the  fulphur  of  metals,  the  fulphur 
of  vegetables,  the  fulphur  of  animal  fubftances,  &c. : but 
at  prefent  the  word  fulphur  has  a more  diftindl  and  fim- 
ple  iignification,  denoting  an  inflammable  mineral,  com- 
monly of  a pale  yellow  colour,  having  a peculiar  difagree- 
able  fmell  ; and  of  great  ufe  in  commerce  as  well  as  in 
philofophy.  It  is  a necefl'ary  ingredient  in  gunpowder, 
and  various  other  compofltions ; and  it  is  fometimes  alfo 
called  brimjlom. 

By  analyfls  this  fubftance,  when  pure,  is  found  to  conflfl; 
of  a large  quantity  of  vitriolic  acid,  joined  to  the  purtft 
phlogifton ; and  by  a proper  combination  of  thofe  two 
principles,  fulphur  may  be  actually  made.  This  mineral 
is  found  almofl:  every  where  in  the  bowels  of  the  earth,, 
efpecially  in  metallic  mines ; there  being  feldom  any  me- 
tal found  without  a greater  or  lefs  quantity  of  fulphur, 
which,  on  account  of  its  volatility,  is  feparated  from  the 
metal  by  diftillation  or  fublimation.  Sulphur  uncombined 
with  other  matters,  and  almoft  pure,  is  often  found  in 
volcanoes,  and  grottos  ; and  it  is  then  called  native  ful- 
phur. 

In  the  common  temperature  of  the  atmofphere,  fulphur 
is  brittle,  fo  that  it  may  be  eaflly  reduced  into  very  fine 
powder.  It  is  not  difTolved,  nor  in  any  fenfible  manner 
altered  by  water  or  air.  Pure  acids,  and  fpirit  of  wine 
feem  to  have  no  adion  upon  it.  Sulphur  cannot  be 
difTolved  in  oils,  without  heat  fufiicient  to  melt  it.  Either 
c fixed 
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fixed  or  volatile  alkalies,  and  even  calcareous  earths, 
difiblve  fulphur,  and  form  with  it  compounds  called  livers 
of  fulphur  ; by  which  combination  the  fulphur  is  rendered 
more  or  lefs  foluble  in  water,  according  to  the  quantity 
and  quality  of  the  alkali  with  which  it  is  combined. 
Acids  of  every  kind,  when  added  to  liver  of  fulphur,  de- 
compofe  it,  and  by  joining  themfelves  with  the  alkali, 
detach  the  fulphur  from  it.  Liver  of  fulphur,  either 
liquid  or  concrete,  has  a difagreeable,  putrid,  and  offenfive 
fmell  ; which  fiiews  that  the  attradlion  between  the  ele- 
ments of  fulphur  is  much  weakened  by  the  combination 
of  an  alkali  ; indeed,  the  inflammable  principle  is  con- 
tinually efcaping  from  it,  and  in  fuch  abundance  as  to 
phlogiflipate  various  fubflances.  Thus  filver  will  be  foon 
tarnilhed,  and  white  lead  will  become  of  a brownifh  black 
colour,  when  expofed  to  the  vapours  of  liver  of  fulphur^, 
Chymifts  make  great  ufe  of  liver  of  fulphur,  on  account 
of  its  being  a powerful  folvent,  efpecially  of  metallic 
matters. 

Sulphur  is  eafily  fufed  by  heat,  in  which  cafe  it  emits 
very  ftrong  fuflbcating  vapours,  which,  if  colledled  in 

* Upon  this  principle  a very  diverting  experiment  may  be  made,  viz.  Some 
words  may  be  written  with  white  lead  and  water  upon  a white  piece  of  paper, 
wh^ch  will  not  be  legible  ; but  if  this  paper  is  expofed  to  the  vapours  of  liver  of 
fulphur  ; for  inftance,  is  fet  upon  a glafs  veflel,  containing  afmall  quantity  of 
liver  of  fulphur  *,  the  letters  will  become  legible  in  a few  hours,  by  acquiring  a 
blackilh  colour,  and  appear  as  if  they  had  been  written  by  a kind  of  magic 
power. 
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proper  veiTels,  are  called  flowers  of  fulphur^  and  prove  to  be 
in  every  refpedl  the  fame  fulphur  from  which  they  were 
emitted,  only  more  pure,  becaufe  the  heterogeneous  mat- 
ters combined  with  it,  remain  moftly  at  the  bottom  of  the 
veffel.  When  fulphur  is  expofed  to  fire  in  clofe  veffels, 
it  fuffers  no  decompofition  ; but  in  the  open  air,  after 
being  melted,  it  is  eafily  inflamed  by  the  contact  of 
burning  fubftances,  or  by  an  increafed  degree  of  heat. 
When  it  is  made  to  burn  flowly,  its  flame,  which  is  ge- 
nerally of  a blueifh  colour,  is  fo  weak  that  it  is  not  ca- 
pable of  inflaming  various  corribuftible  fubftances.  For 
this  reafon,  if  gunpowder  be  expofed  to  a proper  gentle 
degree  of  heat,  the  fulphur  contained  in  it  may  be  all 
burned  away,  without  caufing  the  powder  to  explode. 
Combuftion  feparates  the  two  component  principles  of 
fulphur ; the  phlogifton  being  communicated  to  the  air, 
and  the  vitriolic  acid  exhaling  in  vapours,  which  may  be 
colledied  by  impregnating  the  fleam  of  water  with  them ; 
and  thus  vitriolic  acid  is  commonly  obtained  for  the  ufe 
of  the  fhops.  Sulphur  unites  eaflly  with  all  metallic  mat- 
ters, excepting  gold,  platina,  and  zinc,  with  which  it 
cannot  be  made  to  combine  by  any  method  yet  known, 
without  the  intermediation  of  fome  other  fubftance.  The 
compounds  of  fulphur  and  any  metal,  are  not  dudtile, 
but  pofTefs  a metallic  luftre.  In  this  manner  the  metals 
are  generally  found^in  mines ; that  is,  combined  with  ful- 
phur, and  generally  with  various  other  matters  befides. 

It 
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It  is  a remarkable  property  of  fulphur,  to  facilitate  the 
fuhon  of  very  refradory  metals,  fuch  as  iron  and  copper; 
and,  on  the  contrary,  to  render  the  foft  and  mod  fufible 
metals,  as  tin  and  lead,  lefs  fufible. 

Amber,  ambergrife,  the  afphaltum,  pit-coal,  and  the 
rock-oil,  in  Latin  called  petroleum^  are  generally  called 
bitwnem\  the  latter  of  which  is  the  only  liquid  bitumen; 
it  being  an  oil,  which  diftils  naturally  from  clefts  in  cer- 
tain rocks;  the  reft  being. all  folid.  When  thefe  folid 
bitumens  are  diflilled,  they  are  all  found  to  contain  fome 
phlegm,  an  acid  liquor  often  fulphureous,  fome  oil,  much 
refembling  petroleum,  a volatile  acid  and  concrete  fait, 
a black  and  thick  oil,  and  at  laft  a charry  refiduum,  con- 
taining fome  earthy  matter  combined  with  part  of  the 
above-mentioned  fubflances. 

Amber  is  a femi-tranfparent  mineral  of  a yellow  colour, 
for  which  reafon  it  is  fometimes  called  yellow  amber,  in 
diflindtion  from  ambergrife.  This  mineral  burns  very 
eafily,  emitting  thick  fumes,  and  a fmell,  which  is  not 
difagreeable.  This  fmell  may  be  perceived  alfo  by  rub- 
bing the  amber,  but  it  is  not  fo  flrong  as  when  burning, 
or  as  that  of  the  tindture  of  amber,  obtained  by  means  of 
redified  fpirit  of  wine.  Amber,  as  well  as  other  bitu- 
mens, that  are  fufficiently  compadt  to  bear  a polifh,  are 
generally  fhaped  into  toys  and  ornaments  of  various 
forts.  Some  of  them  are  alfo  ufed  for  the  preparation 
I of 
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of*  varniflies  efpecially  amber ; which  will  make  a fine 
black  varnifh  when  diffolved  in  boiling  linfeed  oil,  after 
being' rendered  quite  black  in  a crucible  over  the  fire. 
Mr.  Neuman,  analyzing  fixteen  ounces  of  coarfe  amber, 
by  means  of  diftillation,  obtained  eleven  ounces  fix 
drams  of  oil,  four  drams  and  a half  of  fait,  one  ounce 
and  a half  of  water,  and  nearly  one  ounce  of  earthy  or 
coaly  refiduum. 

Ambergrife  is  a fubftance  of  a grey  colour,  brought 
from  the  Eaft  Indies,  where  it  is  found  floating  upon  the 
furface  of  the  fea.  It  is  neither  fo  hard  nor  fo  fmooth  as 
amber,  fo  that  it  is  not  capable  of  receiving  a polifh.  It 
is  eafily  fufed,  and  it  may  be  rendered  very  foft,  even  by 
the  heat  of  one’s  hands.  The  fmell  of  this  fubftance  is 
very  agreeable,  for  which  reafon  it  is  ufed  for  perfumes. 
The  components  of  ambergrife  feem  to  be  the  fame  as 
thofe  of  amber,  except  that  the  former  leaves  a much  lefs 
refiduum  than  the  latter. 

The  Rock-oil  is  an  inflammable  mineral,  of  a light 
brown  colour  when  liquid,  but  black  when  indurated  by 
being  expofed  to  the  air,  or  found  naturally  fo.  This 
fubftance,  as  it  is  faid,  cannot  be  decompounded  by  ana- 
lyfis. 

* Varnijhes  are  liquids  made  by  diflblving  bituminous  or  refinous  fubftances 
in  fpirits  or  oils  *,  hence  they  are  of  two  forts,  viz.  Spirit  varnifh,  and  oil  varnifh. 
Their  ufe  is  to  defend  pidlures  and  other  things,  over  which  they  are  laid,  from 
the  injuries  of  moift,  air,  and  other  things. 
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The  Arphaltum  is  a fpecies  of  concrete  rock-oil,  which 
leaves  no  reiiduum  when  burnt.  It  is  fuppofed  by  fome, 
that  the  afphaltum  is  the  fubftance,  which  the  ancient 
Egyptians  ufed  in  embalming  their  dead  bodies,  which 
have  endured  fo  many  centuries  without  corruption,  and  ^ 
are  now  called  mu7J77nies, 

Pit-coal,  or  foffil-coal,  is  a bituminous  fubftance  of  a 
black  or  dark  brown  colour,  found  in  large  mafles  under 
the  earth,  in  various  countries,  in  which  it  is  ufed  for 
fuel.  It  commonly  appears  to  be  compofed  of  plates, 
which  are  eaftly  feparated  from  one  another,  efpecially 
when  the  coal  is  heated.  By  analyfts,  this  mineral  is 
found  to  contain  the  fame  principles  that  bitumens  ge^ 
nerally  have,  as  mentioned  above,  except  that  it  leaves 
a greater  quantity  of  earthy  reftduum,  which  is  of  dif-. 
ferent  forts,  according  to  the  different  fpecies  of  the  coal; 
of  which  fpecies  there  are  reckoned  three,  viz.  one  that 
leaves  a black  reftduum  after  combuftion ; another  whofe 
reftduum  is  fpongy ; and  a third  fpecies  which  leaves 
fome  whitifh  afhes. 
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CHAP..  VIIL 

Of  Metals. 


Met  a L S,  or,  in  general,  metallic  fubllances,  arc 
bodies  much  more  heavy,  than  earthy  and  other 
matters.  They  are  quite  opaque,  and  are  generally  ca- 
pable of  receiving  a very  high  polifh,  owing  to  their  com- 
pa&nefs  and  opacity.  They  are  generally  diftinguifhed 
into  7netals^  whofe  charadleriftic  property  is  to  be  malle- 
able ; arid  femd^netalsy  which,  when  hammered,  break  into 
unfhapely  fragments. 

The  metals  are  again  fubdivided  into  perfeB  and  imper-- 
feSl.  The  perfedl  metals  are  Gold,  Platina,andSilver;  which 
are  called  perfeit,  becaufe  they  cannot  be  decompounded  ; 
gold,  for  inftance,  if  pure,  will  not  lofe  any  of  its  effen- 
tial  properties  by  being  kept  in  a very  ftrong  fire.  But 
the  imperfect  metals,  which  are  copper,  iron,  tin,  and 
lead,  if  they  are  kept  a fufficient  time  in  the  fire,  or  ex- 
pofed  to  the  adion  of  proper  menftruiims,  befides  fire, 
will  lofe  their  metalline  properties,  and  appear  in  the 
form  of  earths;  which  are  vitrifiable,  not  fhining,  not 
malleable,  &c.  and  are  called  jrMallic  calxes ; which  may 
be  again  reduced  into  metals,  or,  as  it  is  commonly  faid, 
may  be  revivified^  by  combining  them  with  a fufficient 
quantity  of  inflammable  principle  : hence  it  appears,  that 
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the  iniperfed  metals  are  principally,  if  not  wholly,  com- 
pofed  of  earthy  matter  and  phlogifton.  It  is  not  every 
kind  of  earth  which,  combined  with  a fufficient  quantity 
of  phlogifton,  can  form  a metal ; nor  can  the  calx  of 
one  metal,  by  any  known  method,  be  made  to  form  ano- 
ther metal.  The  calx  of  iron,  for  inftance,  can  form 
nothing  but  iron ; the  calx  of  lead  will  make  only  lead  ; 
and  fo  of  the  reft 

Thefe  obfervations  relating  to  calcination,  and  revivi- 
fication (called  alfo  reduction,  or  refufcitation)  of  calxes, 
are  alfo  applicable  to  the  femi-metals. 

The  conftant  obfervation,  that  all  the  metallic  fubftances 
which  can  at  all  be  decompounded,  are  found  to  be  com- 
pofed  of  a metallic  earth  and  phlogifton,  has  induced  the 
generality  of  philofophers  to  think,  that  the  perfect  me- 
tals are  alfo  compofed  of  like  materials,  fo  well  combined, 
that  the  utmoft  efforts  of  art  are  not  capable  to  part  them. 
This,  however,  is  nothing  more  than  a conjedlure,  rea-s 
fonably  deduced  from  analogy  ; for  no  fuch  thing  could 
ever  be  produced  as  the  calxes  of  any  of  the  perfeA  metals, 
except  when  they  are  mixed  in  a fmall  quantity  with  cer- 
tain fubftances,  as  glafs  and  other  things ; in  which  cafe 

* The  tranfmutation  of  one  metal  into  another,  or  the  making  a metal  out  of 
fomething  elfe  befides  a metallic  earth,  may,  perhaps,  be  poffible  in  nature  ; but 
it  has  been  attempted  by  fo  many  people,  whofe  trials  have  proved  unfuccefsful, 
after  the  expcnce  of  fortunes,  and  inconceivable  labour ; that  whoever  at  prefent 
eUejTipts  any  fuch  thing,  is  laughed  at,  being  confidered  as  a madman. 
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the  appearance  of  their  particular  colour,  and  other  con- 
iiderations,  feem  to  indicate  at  leaf!:  a partly  calcina- 
tion. 

The  metallic  calxes  are  fometimes  partly  or  fuperficially 
calcined,  in  which  ftate  they  are  not  fufficiently  deprived 
of  their  phlogifton  ; fo  that  they  lofe  the  general  proper- 
ties of  metals  \ yet  if  they  are  expofed  to  a flrong  fire, 
efpeciaily  that  produced  by  a large  burning-glafs,  they 
are  revivified  without  the  addition  of  any  phlogifton.  In 
this  cafe,  either  the  phlogifton  of  part  of  the  calxes  ferves 
to  faturate  the  reft,  or  the  fmall  quantity  that  they  have 
got,  is  difperfed  through  all  their  fubftancc,  fo  as  to  give 
them  a fufficient  metallic  appearance  Thus,  a metallic 
calx  is,  by  fome  Chymifts,  miraculoufty  revivified  without 
the  addition  of  phlogifton. 

The  pure  metals  are  always  found  in  their  metallic 
form ; but  the  imperfedl  ones  are  generally  found  in  the 
form  of  calxes ; which,  in  order  to  be  revivified,  muft  be 
mixed  with  fome  fubftance  containing  phlogifton,  and 
muft  be  expofed  to  a ftrong  fire,  by  which  means  the 
metallic  calxes  will  acquire  the  neceflary  quantity  of 
phlogifton  from  the  combuftible  matters,  and  become 
metals.  In  this  operation,  the  calxes  and  combuftible 
fubftances  are  fet  in  proper  earthen  vefibls,  called  crucibhs^ 
together  with  fome  alkaline  falts,  which  ferve  to  facilitate 

^ A fmall  quantity  of  phlogifton  may  alfo  be  furniflied  by  the  air,  if  the  ope- 
ration is  performed  in  that  element. 

the  ^ 
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the  fufion ; and  they  are  alfo  covered  with  fand,  which 
prevents  the  accefs  of  air  ; ptherwife  the  phlogifton  of  the 
combuftible  fubftances  would  be  imbibed  by  the  air,  in- 
ftead  of  revivifying  the  calxes. 

It  muft  be  obferved,  that  when  fome  metallic  earths, 
efpecially  that  of  tin,  are  too  much  calcined,  they  be- 
come incapable  of  reduction. 

When  a metal  is  calcined,  the  calx  will  be  found  hea- 
vier than  the  metal ; and  on  the  contrary,  when  metallic 
calxes  are  revivified,  there  is  a lofs  of  weight ; that  is, 
the  metal  formed  will  weigh  lefs  than  the  calx. 

All  the  metallic  fubftances  that  are  capable  of  decom- 
pofition,  are  combuftible  ; and  in  order  to  let  them  ac- 
tually burn,  it  is  only  required  to  give  them  a fufficient 
quantity  of  heat,  when  they  are  fo  difpofed  as  to  p'relent 
to  the  air  a furface  confiderably  large  in  comparifon  of 
the  quan  tity  of  matter.  In  this  cafe  they  exhibit  the  fame 
phenomena  as  other  combuftible  bodies  do,  viz.  they 
phlogifticate  the  air,  lofe  their  inflammable  principle, 
&c.  ; but  they  do  not  produce  any  fumes  or  foot,  like 
oils,  which  are  compounds  of  phlogifton,  acid,  water,  and 
earth;  but  burn  with  a clear  light,  like  charcoal,  fulphur, 
and  all  thofe  fubftances  in  which  the  phlogifton  exifts 
pure ; that  is,  difincumbered  of  thofe  matters  which  can 
be  eafily  volatilized.  Steel  filings,  fmall  fteel  wire,  fine 
powder  of  copper,  &c.  burn  by  the  leaft  approach  of  ig- 
nited bodies.  The  fparks  commonly  produced  by  ftrik- 
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ing  a flint  againft  fteel,  are  nothing  elfe  than  particles  of 
fteel  feparated  by  the  hard  flint,  and  fet  on  fire  by  the 
violence  of  the  ftroke. 

In  general,  acids  and  alkalies,  as  was  obferved  above, 
and  in  fome  cafes  alfo  oils,  water,  and  air,  ad:  upon  mo- 
tallic  fubftauces.  Metals  cannot  unite  with  earthy  mat- 
ters ; but  they  generally  mix  with  one  another  very  eafily, 
forming  compound  metals,  called  allays  \ but  the  mixture 
of  metals  and  quickfilver  (which,  as  will  be  obferved 
hereafter,  is  alfo  a metal)  are  called  A7nalgams. 

Gold  is  a perfed  metal,  of  a fplendid  yellow  colour, 
unalterable  by  art,  and  void  of  any  tafte  or  fmell,  even 
when  heated  or  rubbed.  It  is  the  heavieft  of  all  known 
bodies  ; although  platina,  when  very  pure,  and  freed  from 
the  iron  with  which  it  is  generally  combined,  comes  fo  near 
to  the  fpecific  gravity  of  gold,  that  it  has  been  obferved 
even  to  equal  it.  Pure  gold  is  about  nineteen  times  hea- 
vier than  water ; a cubic  inch  of  it  weighing  ten  ounces, 
feven  pennyweights,  three  hundred  and  eighty-three  grains, 
troy  weight ; whereas  the  fame  bulk  of  diftilled  water 
weighs  very  little  above  ten  pennyweights.  The  expan- 
fibility  of  gold  is  very  furprifing  ; a grain  of  it  being  com- 
monly extended  by  the  gold-beaters  into  leaves,  whofe 
furface  is  equal  to  fifty  fquare  inches.  Its  tenacity,  or 
the  power  with  which  it  refifts  the  feparation  of  its  parts, 
is  greater  than  that  of  any  other  metal  ; a gold  wire,  one 
tenth  of  an  inch  in  diameter,  being  capable  to  fupport  a 
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weiglit  of  five  hundred  pounds  without  breaking.  In  re- 
fpcd  to  hardnefs,  gold  feems  to  be  in  an  intermediate  de- 
gree between  the  hardeft  and  fofteft  metals ; yet  by  ham- 
mering, prefling,  or  allaying  it  with  a fmall  portion  of 
fome  other  metals,  it  may  be  rendered  fo  hard  and  elaftic, 
that  even  blades  of  knives  and  fciffors  have  been  made  of 
it.  The  malleability  of  gold  is  in  great  meafure  di- 
minifhed  by  cooling  it  fuddenly  after  fufion.  It  is 
alfo  much  diminifhed  by  being  expofed  to  the  ex- 
halations of  melted  lead,  tin,  and  mofi:  other  metallic 
fubftances. 

If  gold  is  reduced  into  exceedingly  fine  powder,  it  is 
eafily  attacked  by  fimple  acid  menftruums ; but  while  it  is 
in  a compact  mafs,  there  is  no  fimple  folvent  of  it ; hence 
gold  remains  for  ages  unaltered  by  air,  water,  &c.  By 
the  adlion  of  aqua  regia,  gold  is  reduced  into  exceedingly 
fmall  particles,  but  its  metallic  nature  is  in  no  refpedt 
altered  The  fame  thing  happens  when  gold  is  mixed 
with  quickfilver,  and  alfo  with  liver  of  fulphur,  which 
is  alfo  a folvent  of  gold. 

If  gold,  after  being  difTolved  in  aqua  regia,  be  preci- 
pitated by  a volatile  alkali,  and  afterwards  be  wafhed  and 

* The  folution  of  gold  in  aqua  regia  is  corrofive,  like  the  folution  of  any 
ether  metal;  hence  they  are  generally  poifonous  i and  Ihculd  be  handled  al- 
ways with  attention  ; for  fomeiimes  they  aft  very  flowly,  fo  that  their  per- 
nicious tffcfts  are  often  perceived  too  late  to  be  remedied. 
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dried,  it  acquires  a wonderful  property,  which  is  peculiar 
to  this  metal  only.  It  is  that  of  exploding  with  a noife, 
quicknefs,  and  violence,  which  far  exceeds  the  power  of 
any  other  known  exploding  compohtion.  It  is  therefore 
very  dangerous,  even  for  perfons  much  verfed  in  chymical 
operations.  Gold  fo  prepared  is  called  fulmwating  gold ; 
and  in  order  to  make  it  explode,  nothing  more  is  required 
than  a fmall  degree  of  heat,  even  that  produced  by  a gen- 
tle fridlion.  It  is  fuppofed,  that  in  the  fulmination  of 
gold,  the  metal  is  not  at  all  altered  or  decompofed  ; be- 
caufe,  when  a fmall  quantity  of  it  is  exploded  under  a 
ftrong  glafs  receiver,  fmall  particles  of  gold  are  afterwards 
found  adhering  to  the  hdes  of  the  glafs.  But  it  may  be 
faid,  that  the  gold  fo  found  is  not  that,  which  has  ex- 
ploded, but  only  part  of  the  quantity  employed,  which  is 
difperfed  by  the  violence  of  that  part  of  it,  which  has  really 
exploded,  by  being  firft  rendered  the  hotteft.  It  is  there- 
fore flill  uncertain,  whether  the  gold  is,  or  is  not,  decom- 
pofed by  the  fulmination. 

Thin  efiential  oils,  efpecially  ether,  have  a great  affi- 
nity with  gold  ; fo  that  if  ether  be  poured  upon  a folu- 
tion  of  gold  in  aqua  regia,  and  the  mixture  be  fhook, 
the  gold  will  leave  the  latter,  and  pafs  into  the  former. 

Gold  is  eahly  melted  in  a low  white  heat,  in  which 
Bate  it  appears  of  a bright  blueifli  colour  ; but  it  does  not 
emit  any  perceivable  effluvia  \ it  does  not  lofe  any 
9 weight ; 
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weight ; nor  is  it  at  all  altered,  even  if  the  fire  is  con- 
tinned  for  months 

Gold  may  be  mixed  with  all  metals ; which,  according 
to  their  different  qualities,  alter  its  colour,  malleability, 
&c.  The  allay  of  other  metals  with  gold  renders  it  im- 
pure, and  of  courfe  lowers  its  price.  The  purity  and  va- 
lue of  allayed  gold  is  therefore  eflirnated  from  the  quan- 
tity of  pure  gold  exifting  in  the  mixture ; for  inftance,- 
when  the  allay  contains  half  gold  and  half  filver,  or  other 
metal,  the  quality  of  the  mafs  is  faid  to  be  half  fo  good  as 
pure  gold.  Now  thefe  proportions  of  gold  and  other 
metals  contained  in  the  allay  are  commonly  exprefled  by 
twenty-fourth  parts  of  the  mafs,  which  parts  are  called 
carats ; thus  when  the  compofition  contains  twenty 
twenty-fourths  of  gold,  it  is  called  gold  of  twenty  carats ; 
when  it  contains  half  gold  and  half  another  metal,  as  in 
the  above-mentioned  example,  it  is  called  gold  of  twelve 
carats  ; and  pure  gold,  without  any  allay,  is  called  gold  of 
twenty-four  carats. 

Platina  is  alfo  a perfect  metal,  lately  difcovered  in  South 
America,  in  which  place  only  it  is  to  be  found  in  the  gold 
mines.  Its  fpecific  gravity  is  fcarce  lefs  than  that  of  gold  ; 

* Dr.  Lewis  has  obferved,  that  although  gold  does  not  expand  fo  much  as 
other  metallic  bodies,  in  the  fame  degree  of  heat,  yet  when  fufed,  it  expands  more 
than  moft  metallic  fubftances ; in  confequence  of  which,  it  {brinks  confiderably 
when  it  becomes  folid  after  fufion.  Silver,  copper,  lead,  and  tin  do  not  {brink 
fo  much  ; but  iron,  and  a femi-metal  called  bifmuth,  have  the  remarkable  prO' 
petty  of  expanding,  when  from  a fluid  they  pafs  into  a folid  {late. 
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but  its  colour  is  white,  though  not  fo  beautiful  as  the  co- 
lour of  lilver.  For  thefe,  and  other  properties  of  this 
metal,  analogous  to  the  properties  of  gold,  it  has  obtained 
the  name  of  white  gold  among  various  people.  This  me- 
tal is  found  confiding  of  angular  grains,  and  in  that  form 
is  brought  to  Europe : which  grains  are  generally  mixed 
with  a little  mercury,  arfenic,  and  fome  fmall  black  fand, 
which  feems  to  be  iron,  becaufe  it  is  attraftable  by  a 
magnet ; but  it  is  not  diffolved  by  acids,  nor  capable  of 
fudon.  The  hardnefs  of  platina  is  near  that  of  iron,  but 
it  is  du6lile  in  a fmall  degree.  Platina,  like  the  other 
perfect  metals,  gold  and  diver,  is  void  of  fmell  and  tafte, 
and  is  incapable  of  acquiring  any  ruft.  But  it  has  the 
remarkable  and  peculiar  property  of  being  not  fudble  nor 
alterable  by  the  a6tion  of  the  ftrongeft  dre  yet  tried,  ex- 
cept the  focus  of  a large  burning-glafs ; which,  by  melt- 
ing it,  adds  brilliancy  to  its  colour,  and  increafes  its 
malleability.  Platina,  although  exceedingly  refradtory  by 
itfelf,  when  in  company  with  other  metals,  with  which  it 
eadly  combines,  or  when  previoudy  didblved  in  aqua 
regia,  may  be  fufed  pretty  eadly : hence  all  that  platina 
which  is  feen  manufadtured,  is  allayed  with  fome  other 
metallic  fubftance.  This  metal,  like  gold,  is  not  attacked 
by  any  dmple  acid ; but  it  is  didblved  by  aqua  regia : a 
large  quantity  of  it,  adifted  by  heat,  is  required  to  dif- 
folve  a comparatively  fmall  quantity  of  platina ; forming 
a folution  of  a deep  yellow  colour,  even  deeper  than  the 

folution 


An  IntroduBion  to  Chymiflry*  67 

folution  of  gold.  The  platina  fo  dilTolved  may  be  pre- 
cipitated by  alkalies ; but  this  precipitate  has  not  the 
property  of  exploding,  like  fulminating  gold.  Beiides 
alkalies,  almofl:  all  metallic  fubftances  are  capable  to  pre- 
cipitate platina  from  aqua  regia 

Silver  is  the  third  perfect,  confequently  unalterable 
metal,  of  a brilliant  white  colour,  fomewhat  fonorous, 
and  fufible  in  a lefs  degree  of  heat  than  gold  requires. 
The  fpecific  gravity,  as  well  as  the  tenacity  of  this  metal, 
is  nearly  half  that  of  gold  ; a lilver  wire  of  one  tenth  of 
an  inch  in  diameter  being  juft  capable  to  fupport  a weight 
of  two  hundred  and  feventy  pounds  without  breaking. 
The  weight  of  ftlver  is  to  the  weight  of  water  nearly  as 
eleven  to  one.  The  dueftility  of  ftlver  is  greater  than  that 
of  any  other  metal,  but  lefs  than  the  du<ftility  of  gold. 

This  metal  is  found  in  various  parts  of  the  earth,  com- 
monly mixed  with  other  metals,  and  with  fulphur  or 
arfenic  ; from  which  fubftances  it  may  be  feparated  by  va- 
rious means. 

Silver  is  not  aefted  upon  by  air  or  water ; but  it  aflumes 
a dark,  and  even  a black  colour,  when  it  is  expofed  to 
phlogiftic  exhalations;  which  is  owing  to  the  property 
which  ftlver  has  of  impregnating  itfelf  with  the  inflam- 
mable principle  fuperabundantly.  Acids  of  every  fort  are 
capable  of  diflblving  ftlver,  but  none  fo  eaftly  as  the  ni- 

* For  other  particulars  relating  to  platina,  fee  Dr.  Lewis’s  Experiments  on 
that  metal. 
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trous  acid  ; yet  it  is  remarkable,  that  either  of  the  two 
other  mineral  acids  is  capable  of  feparating  it  from  the 
nitrous  acid  : thus,  if  to  a liquid  containing  marine  or 
vitriolic  acid  in  any  quantity,  a little  of  the  folution 
of  hlver  in  nitrous  acid  be  added,  the  mixture  will  im- 
mediately become  turbid ; hence  the  folution  of  filvcr  is 
very  ufeful,  to  difcover  the  prefence  of  marine  or  nitrous 
acid  in  any  compound.  The  folution  of  hlver  in  nitrous 
acid  is  more  corrolive  than  the  acid  itfelf  The  lapis 
mfernalis^  which  is  a very  powerful  cauftic,  ufed  in  fur- 
gery,  is  nothing  more  than  the  faline  concretion  formed 
by  the  cryftallization  of  this  folution. 

Copper  is  an  imperfed;  metal,  which,  in  point  of  duc- 
tility, comes  next  to  the  perfed  metals.  It  is  fonorous, 
and  harder  than  filver.  The  tenacity  of  its  parts  is  fuch, 
that  a copper  wire,  one  tenth  of  an  inch  in  diameter,  can 
fupport  a weight  of  about  two  hundred  and  ninety-nine 
pounds,  without  breaking.  Its  weight  is  to  the  weight 
of  water  as  eight  to  one.  Copper  is  eafily  alfeded  by  the 
combined  adion  of  air  and  water ; hence  it  is  ealily  tar- 
nilbed,  and  even  calcined,  by  being  expofed  to  moift  air. 
This  calx,  or  ruft,  is  of  a green  colour,  and  is  commonly 
called  verdigrife. 

Acids  and  alkalies  of  every  fort,  and  indeed  almofl:  all 
faline  fubftances,  befides  oils  and  other  matters,  are  more 
or  lefs  capable  of  diflblving  copper  ; forming  folutions  ge- 
* This  property  is  common  to  moft  metallic  folutions. 
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nerally  of  a blueifh  or  green  colour.  The  folution  of 
copper  in  vitriolic  and  vegetable  acids,  in  oil,  or  v^rater, 
is  green ; in  marine  acid,  at  firfl  appears  of  a brown  or 
yellow  colour,  but  becomes  gradually  green  ; in  nitrous 
acid,  the  folution  is  of  a blueifh  colour  inclining  to  green. 
The  folutions  of  copper  in  acids  become  blue  by  the  ad- 
dition of  alkali  The  folution  of  copper  in  volatile  al- 
kali has  the  remarkable  property  of  appearing  blue  when 
expofed  to  the  air,  and  of  becoming  colourlefs  when  the 
communication  between  it  and  the  common  air  is  intercept- 
ed : thus,  if  a bottle  containing  this  folution  be  left  open,  the 
colour  of  the  liquor  will  be  blue,  but  if  the  bottle  be  well 
corked,  the  colour  will  gradually  difappear ; and  if  the 
bottle  be  uncorked,  the  furface  of  the  liquor  firft,  and 
gradually  the  whole  of  it,  will  acquire  a beautiful-  blue 
colour;  and  in  this  manner  the  colour  of  this  folution 
may  be  made  to  appear  and  difappear  as  often  as  it  is  re- 

Sulphur  has  a greater  affinity  to  copper  than  to  any 
other  metal,  except  iron.  It  facilitates  its  fufion,  and 
combines  very  eahly  with  it.  In  this  ftate  of  combina- 
tion with  fulphur,  and  alfo  with  other  metallic  fubftances, 
copper  is  moft  commonly  found  in  mines.  In  confequence 

* A froall  quantity  of  volatile  alkali  added  to  water,  containing  too  fmall  a 
quantity  of  copper  to  be  difcovered  by  any  other  means,  will  immediately  ma- 
nifeft  the  prefence  of  that  metal,  by  giving  a blue  colour  to  the  water  i hence 
it  is  very  ufeful  in  the  analyfis  of  mineral  waters. 
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of  this  great  affinity,  copper  may  be  feparated  from  almoft 
any  metal  by  means  of  fulphur. 

This  imperfed:  metal  requires  a ftrong  white  heat  be- 
fore it  melts  ; and  by  the  combined  action  of  fire  and 
air,  it  may  be  eafily  burnt,  deftroyed,  and  calcined  ; in 
which  cafe  it  emits  very  pernicious  fumes ; and  when 
burning  it  fmokes,  and  communicates  to  the  flame  a green 
or  blue  colour.  Hence  it  may  be  eafily  feparated  from 
the  perfect  metals  ; for  if  the  compound,  confifting  of  any 
perfed:  metal  and  copper,  be  expofed  to  a ftrong  heat 
with  the  accefs  of  air,  the  perfed  metal  will  remain  un- 
altered, whilft  the  copper  is  calcined,  and  is  either  ab- 
forbed  by  the  earthen  veflel  in  which  the  operation  is 
performed,  or  fwims  on  the  furface  of  the  perfed  me- 
tal. 

Copper  is  eafily  allayed  with  all  metallic  fubftances ; 
forming  compounds,  which  differ  in  various  particulars, 
efpecially  in  point  of  hardnefs  and  colour.  The  moft 
ufed  of  thefe  allays  are  thofe  called  brafs^  which  is  a com- 
pound of  copper  and  zinc,  or  lapis  calaminaris^  which  is 
the  ore  of  that  femi-metal ; bronze^  or  bell-metaly  which 
is  a compofition  of  copper  and  tin ; and  white  copper^ 
which  is  an  allay  of  copper,  zinc,  and  arfenic. 

We  may  laftly  obferve,  with  refped  to  copper,  that  it 
has  a very  difagreeable  aftringent  tafte,  and  that  it  is  very 
dangerous  to  be  applied  to  the  human  body,  efpecially 
internally. 
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Iron,  the  moft  ufeful  metal,  to  which  the  arts  owe 
their  exiftence,  and  the  want  of  which  could  not  be  fup- 
plied  by  any  other  known  metallic  fubftance,  is  the 
hardeil:  of  all  metals,  the  mofl  elaftic,  and,  after  platina, 
the  moft  difficult  to  be  fufed.  At  the  fame  time,  if  tin 
be  excepted,  it  is  the  lighteft  of  all  metals ; its  fpecific 
gravity,  compared  to  water,  being  as  feven  to  one  nearly. 
The  tenacity  of  its  parts  is  fuch,  that  an  iron  wire,  one 
tenth  of  an  inch  in  diameter,  can  fuftain  a weight  of  four 
hundred  and  fifty  pounds;  which  is  little  lefs  than  the 
tenacity  of  gold. 

Iron  is  the  only  fubftance  attracted  by  the  magnet,  and 
which  is  itfelf  capable  of  becoming  a magnet ; indeed, 
the  magnets  found  within  the  earth,  are  nothing  more  than 
ores  or  minerals,  the  greateft  part  of  whofe  compofition 
is  iron  in  a metallic  ftate.  By  this  property,  the  prefence 
of  iron  in  any  compound  may  be  difcovered  by  a magnet : 
but  here  two  cafes  muft  be  confidered ; firft,  when  the 
iron,  mixed  with  any  other  fubftance,  is  in  a metallic 
ftate,  in  which  ftate  only  it  is  attradable  by  the  magnet ; 
hence,  if  the  compound  be  powdered,  and  a magnet  be 
applied  to  it,  the  particles  of  iron  are  eafily  feparated. 
Secondly,  when  the  iron  exifts  in  the  form  of  calx,  that 
is,  deprived  of  its  phlogifton,  in  which  ftate  it  is  not  at 
all  attradable  by  the  magnet ; in  this  cafe,  the  mineral  to 
be  examined  muft  be  firft  put  into  the  fire  (which  is  called 
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i^oajling  the  mineral)  for  Ibme  time,  in  order  to  refufci- 
tate  the  calx  of  iron ; after  which  operation  it  is  pow- 
dered, and  a magnet  is  applied  to  it,  which  will  feparate 
the  particles  of  iron.  This  metal  is  eahly  deprived  of  its 
phlogifton,  and  is  reduced  into  rufl:  or  calx,  called  crocus' 
martis^  or  faffron  of  mars  \ which  is  of  a reddilh  colour 
much  like  brick-duft.  The  combined  adion  of  water  and 
air,  or  even  water  alone,  will  eahly  ruft  it.  This  fa6t  is 
fo  well  known,  that  in  order  to  keep  iron  free  from  ruft, 
it  is  accurately  dried,  and  often  is  covered  with  fomething 
capable  to  prevent  any  moifture  coming  into  contact  with 
it,  fuch  as  oil,  wax,  &c.  Acids  of  every  fort,  efpecially 
the  nitrous,  and  alkalies,  can  diflblve  iron,  exhibiting 
particular  appearances  ; but  they  generally  deprive  it,  at 
leaft  in  part,  of  its  phlogifton,  and  in  the  acft  of  diftblving 
it,  generate  fome  elaftic  fluids  : which  will  be  particularly 
noticed  hereafter. 

When  iron  is  expofed  to  a fire  not  fufticient  to  fufe  it, 
its  furface  is  gradually  calcined,  and  fcales,  partly  metal- 
lic,^re  gradually  feparated  from  it,  which  fometimes 
burn  with  a very  vivid  light.  Thefe  fcales,  by  a longer 
continuance  of  fire,  may  be  perfectly  calcined.  Iron  is 
fufiiciently  malleable  when  cold,  but  by  making  it  red 
hot,  its  malleability  is  increafed  very  much.  If  iron,  to- 
gether with  fubftances  that  abound  with  phlogifton,  be 
expofed  to  a ftrong  fire  without  the  free  accefs  of  air,  it 
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acquires  an  additional  quantity  of  pblogifton,  and  is  then 
called  that  is,  a more  perfect  fort  of  iron  ^ ; and  by 
this  combination  it  becomes  harder,  and  of  a more  uni- 
form and  compad  grain.  Steel  has  a very  remarkable  and 
iifeful  property,  which  is,  that  if  it  be  made  red  hot,  and 
fuddenly  cooled  in  water,  it  becomes  fo  hard  and  brittle, 
that  a file  has  no  power  upon  it,  and  if  ftruck  againft  a 
hard  fubftance,  it  breaks  rather  than  bends.  This  harden- 
ing of  Reel  is  called  tempering  -f ; and  it  is  pradlifed 
in  almoft  all  the  manufadlures  of  this  metal,  efpecially  in 
making  edged  tools.  Iron,  and  efpecially  fteel,  when 
expofed  to  fire,  before  it  becomes  red  hot,  acquires 
upQ"'  its  furface  only  various  colours  fucceflively ; the 
mod:  predominant  of  which  are,  a reddifh  or  brownifh  yel- 
low, and  a beautiful  drong  blue.  By  this  means  various 
deel  ornaments  are  made  blue,  viz.  by  expofing  them  to 
an  equable  heat  till  they  acquire  the  blue  colour,  and 
then  removing  them  before  they  become  red  hot,  which 
is  the  next  dep  to  it. 

Sulphur  has  a very  great  affinity  with  iron,  fo  that  they 

* Iron  being  very  difficultly  fufed,  requires  a long  operation  before  its  calx  is 
fufficiently  impregnated  with  phlogifton  ; hence  iron  commonly  contains  a good 
deal  ol  unmetallized  earth  in  its  compt^fition  ; the  different  proportions  of  which 
earth  conftitute  the  various  forts  of  iron. 

-f-  Different  degrees  of  hardnefs  may  be  communicated  to  fteel,  by  making 
it  more  or  lefs  hot,  and  plunging  it  in  water,  oil,  or  other  liquor,  which  cools 
it  more  or  lefs  fuddenly  •,  for  the  hotter  the  fteel  is  made,  and  the  quicker  it  is 
cooled,  the  harder  it  becomes  •,  and  contrarywife. 
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eafily  combine  together,  and  even  ad  upon  one  another 
-without  the  intermediation  of  fire  The  fufion  of  iron 
is  fo  much  facilitated  by  fulphur,  that  if  a piece  of  iron 
in  a white  heat  be  rubbed  over  with  a piece  of  fulphur,  it 
immediately  falls  into  liquid  drops ; but  in  this  cafe  the 
iron  and  the  fulphur  are  combined  together,  fo  that  the 
iron  lofes  its  malleability,  and  they  form  a kind  of  arti^ 
ficial  mineral,  or  pyritous  fubftance. 

Iron  may  be  allayed  with  every  metal,  except  lead  and 
mercury ; for  hitherto  no  method  has  been  difcovered  of 
combining  it  with  thofe  bodies. 

Iron,  either  in  a calcined  or  in  the  metallic  fiate,  is  not 
only  harmlefs,  but  it  is  ufed  as  a medicine ; becaufe  it 
poflefles  the  property  of  ftrengthening  the  fibres  and  vef- 
fels,  efpecially  thofe  of  the  ftomach  and  inteftines.  For 
thefe  ufes  iron  or  fteel  is  varioufly  prepared,  and  the  ope- 
rations are  generally  very  eafy,  except  that  of  making  an 
impalpable  powder  of  fteel,  called  martial  ethiops,  without 
calcining  it ; which  procefs,  as  till  lately  pradifed,  was 
very  long  and  laborious ; but  a very  ftiort  method  of 
making  fuch  a powder  was  difcovered  a few  years  ago  j 
which  is  as  follows  ; 

* Take  fulphur,  and  iron  or  fteel  filings,  of  each  about  fixty  pounds,  and  with 
a fufficient  quantity  of  water  make  it  into  a pafte,  which  may  be  fet  a few  inches 
under  ground.  In  fome  hours  time  this  compofition  will  fwell,  become  hot,  emit 
vapours,  and  at  laft  will  take  fire  i evidently  Crewing  the  adlion  of  fulphur  and  iron 
' upon  each  other  independent  of  extraneous  heat.  This  experiment  is  deferibed 
in  various  books,  and  they  generally  give  it  the  name  of  artificial  earthquake. 

Some 


75 


An  hiiroduStion  to  Chymijhy, 

Some  fine  clean  fteel  filings  are  put  in  a fhallow  earthen 
pan  over  a very  gentle  fire  (the  heat  of  a lamp  is  quite 
fufficient).  Thefe  filings  are  to  be  moifiened  with  nitrous 
acid  very  much  diluted  with  water,  and  muft  be  kept 
ftirring  continually.  They  will  bubble  very  gently,  fhew- 
ing  as  if  they  were  in  a fermentation.  As  they  dry,  more 
diluted  nitrous  acid  muft  be  added,  ftill  ftirring  them,  in 
order  to  mix  them  well  with  the  acid,  and  to  give  them 
an  equal  degree  of  heat.  This  operation  being  continued 
for  about  an  hour  and  half,  the  filings  will  be  found  upon 
trial  to  be  reduced  into  a very  fine  powder.  Some  part 
of  this  powder  is  certainly  calcined  ; but  five  parts  out  of 
fix,  or  more  of  it,  are  attractable  by  the  magnet ; which 
ftiews  that  the  greateft  part  of  it  is  iron  in  a metallic  ftate. 

Tin  is  the  lighteft,  and,  if  lead  be  excepted,  it  is  the 
fofteft,  the  leaft  elaftic,  and  leaft  fonorous  of  all  metals.  Its 
colour  is  white,  but  not  fo  beautiful  as  the  colour  of  filver. 
Its  ductility,  although  lefs  than  that  of  gold  or  filver,  is, 
however,  very  confiderable ; it  being  eafily  worked  into 
very  thin  foil.  The  tenacity  of  its  parts  is  fuch,  that  a 
tin  wire,  one  tenth  of  an  inch  in  diameter,  is  juft  capable 
to  fupport  a weight  of  forty-nine  pounds  and  a half. 

All  acids  are  more  or  lefs  capable  of  diftblving  tin  ; 
generally  depriving  it  of  its  phlogifton,  efpecially  the  ni- 
trous acid.  The  combined  aClion  of  water  and  air  has  no 
other  effeCl  upon  this  metal,  befides  that  of  ftightly  tar- 
nifhing  its  furface.  Sulphur  may  be  combined  with  tin 
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by  means  of  fufion,  with  which  it  forms  a brittle  body, 
not  fo  eafily  fubble  as  tin  by  itfelf  is. 

A degree  of  heat  lefs  than  that  required  to  make  tin 
red  hot,  is  fufficient  to  melt  it,  and  if  continued,  to  re- 
duce k into  an  imperfect  grey  calx,  called  afhes  of  tin  % 
which,  by  continuing  the  adlion  of  a ftronger  fire,  are 
more  and  more  accurately  calcined,  becoming  much  whiter, 
harder,  and  very  refradfory ; for  which  reafon  it  is  com- 
bined with  fome  vitrifiable  matter,  and  is  ufed  as  a white 
glazing  to  cover  earthen  ware.  This  calx,  in  fuch  a ftate, 
is  called  putty^  and  is  ad  vantage  ou  fly  ufed  for  polifhing 
metals,  glafs,  and  other  hard  fubftances.  In  the  calcina- 
tion of  tin,  a fmell  is  perceived,  exadly  like  the  fmell  of 
arfenic,  a mofh  dangerous  femi-metal  j which  fmell  is 
owing  to  fome  quantity  of  arfenic  commonly  mixed  with 
tin  ; hence  this  metal  is  confidered  as  dangerous  for  phy- 
fical,  and  even  for  culinary  purpofes. 

Tin  may  be  allayed  with  all  metals,  but  it  deflroys 
their  dudility,  efpecially  of  gold  and  filver  ; even  the  va- 
pour of  tin,  when  in  fufion,  is  capable  of  impairing  the 
dudility  of  the  metals  expofed  to  it.  The  amalgama  of 
tin  and  quickfilver  is  ufed  to  cover  the  furfaces  of  looking- 
glafles ; a compofition  of  lead  and  tin,  in  equal  quantities, 
forms  the  folder  commonly  ufed  by  plumbers ; and  an 

* Tin  and  lead  combined  together,  are  more  eafily  calcined  by  the  adlion  of 
fire,  than  either  of  them  by  itfelf. 
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allay  of  tin  and  copper  forms  bell-metal,  by  which  com- 
bination the  copper  acquires  hardnefs,  and  fonoroufnefs ; 
which  is  the  more  remarkable,  becaufe  tin  is  a very  foft 
and  unelaftic  metal. 

Lead  is  a metal  of  white  colour,  but  rather  darker  than 
tin.  It  is  the  fofteft,  leaft  duAile,  leaft  fonorous,  and  the 
tenacity  of  its  parts  is  lefs  than  that  of  any  other  metal ; 
a leaden  wire,  one  tenth  of  an  inch  in  diameter,  being 
juft  capable  of  fupporting  fomething  more  than  twenty- 
nine  pounds.  The  fpecific  gravity  of  lead  is  very  con- 
ftderable,  and,  indeed,  if  gold,  platina,  and  mercury,  be 
excepted,  it  is  the  heavieft  of  all  metals. 

Acids  of  every  fort  are,  more  or  lefs,  capable  of  dif- 
folving  lead.  By  expoftng  lead  to  the  fumes  of  vinegar, 
a fine  white  ruft  is  formed  upon  the  furface  of  this  metal, 
which  is  called  cerufs^  or  white  lead^  and  is  much  ufed  in 
painting  in  oil. 

The  combined  adion  of  air  and  water  does  alfo  corrode 
lead,  but  not  fo  much  as  copper  and  iron  ; although  the 
furface  of  lead  is  fooner  tarnifhed,  even  by  air  only. 

Moft  oils  have  a conftderable  adion  upon  lead,  and 
efpecially  upon  its  calxes,  with  which  they  may  be  copi- 
oufly  combined,  by  the  help  of  a moderate  heat.  By  this 
combination  the  oils  are  not  only  thickened,  but  acquire 
the  property  of  drying  much  eafter  ; hence  linfeed-oil,  thus 
thickened,  is  called  drying  oil  by  the  painters,  who  make 
great  ufe  of  it.  In  this  manner  fome  oils  may  be  ren- 
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dered  To  thick,  that  feverai  plafters  ufed  in  furgery  are 
made  oiily  by  combining  certain  oils  with  a fufficient 
quantity  ot  calx  of  lead. 

Sulphur  not  only  combines  with  lead  very  eafily,  form- 
ing a compound  which  much  refembles  the  ore  of  lead  ; 
but  facilitates  its  calcination,  when  expofed  to  fire  with 
the  free  accefs  of  air. 

This  metal  melts  very  eafily  with  a degree  of  heat  much 
lefs  than  is  required  to  make  it  red  hot.  After  being 
melted,  it  is  foon  calcined,  and  its  calxes  are  more  eafily 
vitrified  and  revivified  than  the  calxes  of  other  metals  *. 
The  calxes  of  lead,  when  firft  formed  by  the  adtion  of  a 
moderate  heat,  are  of  a greyifh  colour ; but  by  the  con- 
tinuance of  the  fame  low  degree  of  heat,  they  gradually 
become  of  a yellow  colour,  in  which  ftate  they  are  called. 
majftcot^  or  yellow  lead ; and  then  they  acquire  a red  co- 
lour, in  which  ftate  they  are  called  minium^  or  red  lead. 
With  a greater  degree  of  heat,  viz.  fufficient  to  fufe  thofe 
calxes,  they  are  reduced  into  a vitrified  fubftance,  called 
litharge,  'But  if  the  heat  is  greater  than  that  required  to 
keep  them  barely  in  fufion,  then  they  are  reduced  into  a 
true  glafs,  called  glafs  of  lead^  which  has  the  fingular  pro- 


* It  is  a general  obfervation,  that  thp  calx  of  any  metal,  the  more  it  is  de- 
prived of  the  inflammable  principle,  (viz.  the  more  accurately  it  is  calcined)  the 
more  difficult  it  is  to  be  redueedi  hence  the  calxes  of  lead,  by  being  eafily  re- 
vivified, ffiew,  that  in  every  ftate,  they  always  retain  a confiderable  quantity  of 
phlogifton. 
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perty  of  penetrating  through  the  pores  of  the  earthen  cru- 
cibles, juft  like  water  through  a fteve.  This  glafs  of  lead 
does  alfo  facilitate  the  calcination  of  all  the  imperfe(ft  me- 
tals, efpecially  of  iron ; hence  lead  is  much  ufed  to  pu- 
rify tho  perfe<ft  metals,  when  they  are  allayed  with  other 
metallic  fubftances,  as  they  are  commonly  extradled  from 
mines  ; for  by  mixing  the  allayed  perfedl  metal  with  a 
proper  quantity  of  lead,  and  expofing  them  to  a ftrong 
fire,  with  the  accefs  of  air,  the  lead  combines  with  the 
imperfect  metals,  facilitates  their  calcination,  the  vitrifi- 
cation of  their  calxes,  and  even  carries  them  with  itfelf 
into  the  fubftance  of  the  veftels  containing  them,  whilft 
the  perfeeft  metal  remains  pure  and  unaltered.  This 
method  of  purifying  the  perfedl  metals  is  called  cupel- 
lation. 

Lead,  like  all  other  imperfedt  metals,  has  a particular 
tafte  and  fmell.  Its  calxes,  when  taken  internally,  are 
poifonous ; but  in  various  difeafes,  their  external  applica- 
tion has  been  attended  with  very  good  fuccefs. 

Mercury,  or  quickfilver,  is  a fingular  fubftance,  of  a 
fhining  white  colour,  like  filver,  perfectly  opaque,  and 
the  heavieft  of  all  known  bodies,  excepting  gold  and  pla- 
tina.  Thefe,  and  other  properties  to  be  mentioned  pre- 
fently,  Ihew  that  quickfilver  is  a real  metal  ; but  then  it 
has  a peculiar  property,  by  which  it  differs  from  all  other 
metallic  fubftances ; this  is  the  property  of  generally  ap- 
pearing in  a fluid  form.  Formerly,  the  fluidity  of  quick- 
filver 
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filver  was  thought  to  be  as  eflential  to  its  nature  as  it  is  to 
air;  but  in  the  year  1759,  Mr.  Braun,  of  Peterfburg, 
availing  himfelf  of  the  great  cold  of  that  winter,  Bill  in- 
creafed  by  artificial  means,  viz.  by  pouring  nitrous  acid 
upon  fnov/,  did  adually  congeal  quickfilver,  exhibiting 
it  in  a folid  form,  of  the  fame  fhining  white  colour  as 
when  fluid;  in  which  ftate  it  was  extended  by  the  ftrokes 
of  an  hammer,  and  whilfl;  it  continued  in  that  congealed 
ftate  it  founded  when  ftruck,  and  was  cut  juft  like  lead. 
This  capital  difcovery  completely  demonftrates  the  me- 
tallic nature  of  this  fubftance,  and  obliges  us  to  conclude 
that  quickfilver  is  a metal  fufible  by  a very  low  degree  of 
heat,  namely,  the  ufual  heat  of  the  atmofphere. 

Air  and  water,  neither  feparate  nor  together,  have  any 
action  upon  quickfilver.  Its  furface  indeed  appears  tar- 
nifhed  after  being  expofed  to  the  open  air  for  fome  time  ; 
but  that  appearance,  on  examination,  is  found  to  be  oc- 
cafioned  only  by  duft  and  watery  particles,  the  latter  of 
which  quickfilver  feems  to  attradl  from  the  air  confider- 
ably.  Pure  quickfilver  does  not  lofe  any  fenfible  weight 
by  being  kept  in  boiling  water  for  a confiderable  time ; 
yet  the  practice  of  many  very  able  phyficians,  who  have 
prefcribed  fuch  water  for  various  diforders,  feems  to  fhew, 
that  the  quickfilver  communicates  fomething  to  the  wa- 
ter ; perhaps  the  quantity  is  fo  fmall,  that  hitherto  it  has 
not  been  perceived  by  our  weighing  inftruments. 

A degree  of  heat,  lefs  or  equal  to  that  of  boiling  water, 
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leems  not  to  have  any  efFe6l  upon  this  metal,  but  a greater 
degree  of  heat  does  entirely  diffipate  it  into  elaftic  vapours, 
which,  if  collected,  will  be  found  to  be,  in  every  refpedt, 
the  fame  quickfilver  from  which  they  arofe.  For  this  pro- 
perty quickfilver  is  very  eahly  diftilled,  by  which  means 
it  is  feparated  from  lead,  tin,  and  other  metals,  with 
which  it  is  often  combined  If  fulphur  be  mixed  with 
quicklilver,  then  quicklime,  or  iron  filings,  muft  be 
added  to  it,  and  afterwards  muft  be  diftilled  in  order  to 
purify  it.  Eefides  diftillation,  there  is  another  method 
of  purifying  impure  quickfilver,  defcribed  by  Dr. 
Priestly,  which  confifts  in  feparating  from  it  all  the 
blackifti  powder  that  is  produced  by  agitating  quickfilver 
for  a fufiicient  time.  “ I take  a glafs  phial,”  fays  the 
Do(ftor,  “ with  a ground  ftopper  (fuch  being  generally 
“ pretty  ftrong)  containing  ten  or  twelve  ounces  of  wa- 
“ ter,  and  fill  about ‘one  fourth  of  it  with  the  foul  quick- 
“ filver ; then,  putting  in  the  ftopper,  I hold  it  inverted 
“ with  both  my  hands,  and  fiiake  it  violently,  generally 
“ ftriking  the  hand  that  fupports  it  againft  my  thigh. 
“ When  I have  given  it  twenty  or  thirty  ftrokes  in  this 

* Mercury  may  be  feparated  from  dull,  and  alfo  in  a great  meafiire  from 
water,  by  draining  it  through  fhamois  leather,  or  by  letting  it  pafs  feveral 
times  through  a paper  funnel,  that  is,  a piece  of  paper  rolled  in  a conical  lhape, 
having  a very  fmall  hole  at  the  bottom.  It  may  be  feparated  from  greafe,  by 
waihing  it  in  an  alkaline  lixivium  j and  from  an  alkaline  mixture  by  vinegar. 

M ‘‘  manner. 
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‘‘  manner,  I take  out  the  ftopper,  and  blow  into  the  phial 
“ with  a pair  of  bellows ; which  I do  in  order  to  change 
“ the  air,  that  has  become  in  part  phlogifticated,  and 
‘‘  knowing,  that  the  'purer  the  air  is,  the  fafter  the  pro- 
“ cefs  advances. 

“ After  a fhort  time,  if  the  mercury  be  very  foul,  the 
‘‘  furface  will  not  only  become  black,  but  a great  quan- 
“ tity  of  the  upper  part  of  it  will  be,  as  it  were,  coagu- 
“ lated,  fo  as  to  be  ealily  feparated  from  the  reft.  I 
therefore  invert  the  phial,  and  covering  the  mouth  of 
“ it  with  my  finger,  let  out  all  the  mercury  that  will 
“ flow  eafily,  and  put  the  black  coagulated  part  into  a 
“ cup  by  itfelf.  This  I prefs  repeatedly  with  the  end  of 
“ my  finger,  till  I make  a complete  feparation  of  the 
“ running  mercury  from  the  black  powder ; and  putting 
‘‘  the  powder  by  itfelf,  I pour  back  the  mercury  to  the 
“ reft  of  the  mafs  out  of  which  it  was  taken,  in  order  to 
“ be  agitated  with  it  again. 

“ This  procefs  I repeat  till  I find  that  no  more  black 
“ matter  can  be  feparated  ; and  it  is  not  a little  remark- 
“ able,  that  the  operator  will  be  at  no  lofs  to  know  when 
“ the  procefs  is  completed.  For  the  fame  quantity  of 
“ lead  feems  to  come  out  of  it  in  equal  time's  of  agitation, 
“ and  confequently  the  whole  becomes  pure  at  once. 
“ Alfo,  whereas,  while  the  lead  was  in  the  mercury,  it 
felt,  as  I may  fay,  like  foft  clay,  the  moment  the  lead 
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“ is  feparated  from  it,  it  begins  to  rattle  as  it  is  fbaken, 
“ fo  that  any  perfon  in  the  room  may  perceive  when  it 
“ has  been  agitated  enough*. 

The  purity  of  quickiilver  may,  in  general,  be  known 
by  its  not  foiling  the  paper  funnel  through  which  it  is  made 
to  pafs,  by  leaving  no  pellicle  upon  its  furface,  and,  as 
Dr.  Priestly  remarks,  by  obferving,  that  when  pure 
quickiilv'er  is  contained  in  a glafs  or  earthen  veffel,  its 
furface  is  convex,  and  a hollow  fpace  is  between  the  me- 
tal and  the  veffel ; whereas,  if  the  quicklilver  contains 
lead  or  tin,  the  whole  furface  of  it,  even  to  the  place  of 
contact  with  the  veffel,  will  be  perfectly  level ; which  Dr. 
Priestly  thinks  to  be  owing  to  the  attraction  of  the  parts 
of  the  quickiilver,  by  which  it  always  endeavours  to  ac- 
quire a fpherical  fhape,  being  leffened  by  the  mixture  of 
thofe  other  metals.  It  is  obvious  to  remark,  that  this 
obfervation  cannot  take  place,  except  when  a confiderable 
quantity  of  other  metals  is  mixed  with  the  mercury. 

If  about  two  or  three  ounces  of  quicklilver  be  put  into 
a glafs  veffel,  whofe  capacity  might  contain  twice  or  three 
times  that  quantity  of  quickfflver,  and  having  a narrow 
and  long  neck,  terminating  in  a capillary  aperture ; and 
if  this  veffel  be  expofed  to  an  equable  but  ftrong  fire 
for  feveral  months,  the  mercury  will  be  gradually  con- 
verted into  a red  powder,  which  floats  upon  the  furface 
of  the  yet  liquid  mercury,  or  adheres  to  the  fides  of  the 
* Experiments  and  Obfervations  on  Air,  &c,  Vol  W.  Sed.  16. 
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veflel  In  this  manner  the  mercury  may  be  all  con- 
verted into  that  red  powder,  which  is  improperly  called 
precipitate  per  fe^  or  red  precipitated  mercury  without  addic- 
tion. This  precipitate  per  fe  may  be  again  reduced  to 
fluid  quickfllver,  by  heat  only,  without  the  addition  of 
phlogiftic  matter ; for  which  reafon  many  imagine  that 
the  quickfllver,  by  being  turned  into  precipitate  per  fe,  is 
not  calcined,  as  many  others  have  thought,  but  is  only 
difguifed  by  acquiring  or  loflng  that  fuperabundant  quan- 
tity of  phlogiflon  unneceflfary  to  its  metalline  exiftence, 
which  this  and  other  fadls  feem  to  fliew,  that  can  eaflly 
adhere  to,  or  be  feparated  from  mercury..  At  laft,  it  mufl: 
be  confeffed,  that  our  prefent  knowledge  of  this  Angular 
phenomenon  is  very  imperfedt,  and  requires  the  afliftance 
of  farther  experiments. 

All  acids  and  alkalies  are,  more  or  lefs,  capable  of 
combining  with  mercury.  Vitriolic  acid  adls  upon  quick- 
fllver only  when  it  is  very  much  concentrated,  and  af- 
flfted  by  a conflderable  degree  of  heat,  reducing  it 
into  a faline  white  matter,  which  will  become  again  the 
apparently  unaltered  quickfllver  when  the  acid  is  fepa- 
rated from  it.  This  faline  white  matter,  when  diluted  in 

* The  heat  necefTary  for  this  procefs  mufl:'  be  very  little  lefs  than  that  re- 
quired to  make  the  glafs  veflTel  red  hot,  otherwife  the  mercury  will  not  be  al- 
tered. The  famous  Boerhaave,  after  fubjedting  quickfllver  to  a moderate 
fire  for  fifteen  years,  found  no  other  alteration  in  it,  than  a little  black  pow- 
der upon  its  furface,  which  was  again  reduced  into  quickfllver  by  tritura- 
tion. 
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water,  forms  a white  powder  if  the  water  is  cold,  and  a 
yellow  powder  if  the  water  is  hot ; which  powders  are 
accordingly  called  white  precipitate.^  and  yellow  precipitate^ 
of  mercury.  The  folution  of  mercury  in  vitriolic  acid 
being  diflilled,  and  hot  water  being  at  various*  times 
thrown  upon  the  rehduum,  a fhining  yellow  citron- co- 
loured powder  is  obtained,  which  is  known  by  the  name 
of  turbith  mineral.^  and  has  a ftrong  emetic  power* 

The  nitrous  acid  diffolves  mercury  more  eahly  than  any 
other  acid,  fo  that  it  hardly  requires  the  affiftance  of  any 
heat.  From  the  folution  of  mercury  in  this  acid  a fait 
is  obtained,  called  mercurial  nitre.^  which,  by  being  ex- 
pofed  to  the  acflion  of  fire,  will  gradually  change  its  white 
colour  into  yellow,  then  orange,  and  laftly  red  ; dn 
which  flate  it  refembles  the  precipitate  per  fe,  and  is  im- 
properly called  red  precipitate  \ which  acquires  the  name 
of  arcanum  corallinum^  after  that  fpirit  of  wine  has  been* 
poured  and  burned  upon  it. 

If  vitriolic  acid,  or  any  neutral  fait  containing  this 
acid,  be  added  to  a folution  of  mercury  in  nitrous  acid, 
the  liquor  will  become  turbid,  and  when  heated,  a yellow 
precipitate  will  be  depolited,  which  is  exadlly  like  turbith 
mineral.  Hence  the  folution  of  mercury  in  nitrous  acid 
is  of  great  ufe  in  the  analylis  of  mineral  waterSj  when  they 
are  fufpedled  to  contain  vitriolic  acid. 

Marine  acid  does  not  3.S:  upon  quicklilver,  except  only 
when  its  vapours  meet  with  the  vapours  of  that  metal. 

3 In 


86 


An  IntroduBion  to  Chymijiry* 

In  this  cafe  they  unite  very  eafily,  forming  a fait,  com- 
pofed  of  cryftals  refembling  flattened  needles,  and  known 
by  the  name  of  corrofive  fublimate^  on  account  of  its  great 
corroflve  quality.  This  fait  has  the  peculiar  property  of 
being  very  diflicultly  diflbluble  in  water,  whereas  all  other 
falts  polTefs  juft  the  contrary  property.  It  is  alfo  remark- 
able, that  if  corroflve  fublimate  be  expofed  to  fire,  it  fub- 
limes  again,  that  is,  it  rifes  in  vapours,  which  being  col- 
lected in  proper  vefiels  appear  to  be  the  fame  unaltered 
fubftance.  If  corroflve  fublimate  be  combined  with  as 
much  more  quickfllver  as  it  will  take  by  trituration  and 
the  compound  be  fublimed  three  times  ; then  the  acid 
will  be  fo  well  combined  with  the  mercury,  and  in  fuch 
a quantity,  that  the  fublimate  lofes  its  caufticity,  or  cor- 
roflve quality,  inftead  of  which  it  becomes  mild,  and,  in 
the  practice  of  phyflc,  is  ufed  as  a purgative ; it  is  there- 
fore called  fweet  mercury^  fweet  fublimate  of  mercury ^ or 
calomeL  By  fubliming  fweet  mercury  flve  or  flx  times 
more,  it  gradually  lofes  its  purgative  quality,  and  in  that 
ftate  is  called  mercurial  paracea.  If  marine  acid,  or  any 
fait  containing  that  acid,  be  added  to  a folution  of  mer- 
cury in  nitrous  acid,  the  mercury  and  the  marine  acid 

* When  the  corrofive  fublimate  is  triturated  in  a mortar  with  quickfllver, 
which  muft  be  added  by  little  and  little,  the  quickfllver  will  difappear  by  in- 
corporating with  the  fublimate  j and  when  no  more  quickfllver  can  be  fo  com- 
bined, will  be  known  by  the  globules  of  fluid  mercury,  which  remain  unab- 
forbed  in  the  mortar,  although  the  trituration  be  carried  on. 
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will  combine  together,  and  form  a white  precipitate, 
which  is  different  from  turbith  mineral,  in  being  diffolu- 
ble  in  water,  whereas  turbith  mineral  is  not.  Thefe  ob- 
fervations  fhew,  that  although  the  nitrous  acid  diffolves 
mercury,  as  in  general  it  does  other  metallic  fubftances, 
more  eafily  than  any  other  acid,  yet  mercury  has  a greater 
affinity  with  the  vitriolic  or  marine  acid,  than  with  the 
nitrous  ; for  we  have  remarked,  that  mercury *is  feparated 
from  the  nitrous  by  either  of  the  other  two  acids. 

Vegetable  acids  in  general  have  hardly  any  adlion  upon 
quickhlver,  except  this  metal  be  very  much  divided,  as 
when  it  has  been  previoully  diffolved,  and  precipitated. 

' Thus  a fufficient  quantity  of  vinegar  being  added  to  mer- 
cury,. precipitated  from  its  folution  in  nitrous  acid  by  a 
fixed  alkali,  the  vinegar  will  diffolve  again,  and  combine 
very  intimately  with  the  mercury. 

An  entertaining  phenomenon  may  be  obferved,  by  agi- 
tating quicklilver  in  vinegar.  A very  little  agita- 
“ tion,”  fays  Dr.  Priestly,  “ of  mercury  in  this  acid 
divides  it  into  the  fmalleft  globules ; and  they  continue 
“ without  any  apparent  difpofition  to  re-unite,  even  when 
“ very  hot.  While  this  divided  mercury  is  in  the  vinegar, 
“ the  globules  may  be  poured  from  one  part  of  the  phial 
“ to  the  other  exadly  like  fine  dry  fand,  and  they  ex- 
“ hibit  a lingular  and  beautiful  appearance.  All  the 
“ vinegar  mull:  be  evaporated  by  heat  before  thefe  globules 
“ will  unite 

* Experiments  and  Obfervatlons  on  Air,  &:c.  Vol.  iv.  Seft.  17. 
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Alkalies,  either  fixed  or  volatile,  when  added  to  the 
folution  of  mercury  in  acids,  precipitate  the  metal ; and 
the  precipitates  acquire  various  colours,  which  variety  is 
particularly  owing  to  the  difFerent  degrees  of  divifion  fuf- 
fered  by  the  mercury;  but  if  the  alkaline  liquor  poured 
upon  the  folution  of  mercury,  made  in  a more  than  necef- 
fary  quantity  of  acid,  is  very  concentrate,  then  the  pre- 
cipitate which  is  formed  on  firft  mixing  the  fubftances, 
will  be  foon  difiblved  again,  and  will  difappear ; which 
fiiews,  that  alkalies  have  power  to  diflblve  mercury  when 
its  parts  are  much  divided  ; whereas  , they  have  no  fenfible 
power  of  ailing  upon  it  whilfl;  it  exifts  in  ks  ufual  metal- 
line Hate. — This  property  of  certain  fubftances  adting 
upon  other  fubftances  only  in  particular  circumftances,  as 
my  reader  muft  have  often  remarked  in  the  preceding 
pages,  is  very  often  obfervable  in  chymiftry,  and  to  ex- 
’prefs  with  precifion  the  various  affinities  of  bodies,  in  the 
form  of  tables,  is  thereby  rendered  very  difficult  and 
eauivocal. 

X 

Mercury  may  be  feparated  from  its  combination  with 
acids,  by  alkalies,  or  other  fubftances  that  have  a greater 
degree  of  affinity  with  thofe  acids.  Thus  if  an  alkali  be 
added  to  the  folution  of  mercury  in  an  acid,  and  the  mix- 
ture be  diftilled,  the  mercury  will  be  obtained  in  its  fluid 
metallic  form.  But  in  this  operation  it  muft  be  con- 
fidered,  that  when  the  fubftance  mixed  with  the  combi- 
nation of  mercury  and  an  acid,  is  of  a volatile  nature, 

then 
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then  the  mercury  will  be  diftilled  along  with  part  of  that 
fubftance,  and  will  form  a new  combination,  from  which 
it  muft  be  fcparated  by  different  means,  which  vary  ac- 
cording to  the  nature  of  the  fubftance  combined  with  the 
mercury. 

If  fulphur  and  quickftlver  be  triturated  together,  or  the 
quickftlver  be  mixed  with  melted  fulphur  ; thefe  two 
bodies  will  incorporate  with  each  other,  and  form  a 
blackifti  fubftance,  called  ethiops  mineral  in  the  firft  cafe, 
and  ethiops  made  by  fire  in  the  fecond.  If  this  ethiops  be 
fublimed,  that  is,  be  reduced  into  vapours  by ' fire,  and 
thefe  vapours  be  collected  in  proper  veffels,  and  be  again 
fublimed  for  feveral  times;  the  combination  of  the  mer- 
cury and  fulphur  will  be  gradually  rendered  more  .and 
more  intimate,  and  at  laft  becomes  a very  heavy  mafs  of 
a deep  red  colour,  called  cinnabar \ which  being  powdered, 
is  ufed  in  painting,  and  is  called  vermilioii  by  the  paint- 
ers. In  this  operation,  part  of  the  fulphur  of  the  ethiops 
feems  to  be  feparated  from  it  by  the  fucceflive  fublima- 
tions ; and  by  a proper  analyfis,  cinnabar  is  found  to  con- 
tain only  one  part  of  fulphur  joined  to  fix  parts  of  mer- 
cury. 

Cinnabar  is  alfo  found  native  in  the  mines,  and  it  is 
juftly  confidered  as  the  ore  of  mercury.  . In  order  to  ob- 
tain the  mercury  from  this  ore,  the  cinnabar  is  mixed  with 
fixt  fubftances,  that  have  a greater  affinity  to  fulphur  than 
mercury  has  (iron  filings  are  the  beft  and  more  generally 
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ufed),  and  then  the  mixture  is  diftilled,  by  which  means 
the  fulphur  will  combine  with  the  other  fubftances  mixed 
with  the  cinnabar,  and  the  mercury  will  be  diftilled  over 
in  its  fluid  metallic  form.  The  mercury  thus  revivified, 
or  rather  feparated,  from  the  cinnabar,  is  confidered  as 
the  pureft,  and  confequently  fit  for  the  niceft  philofo- 
phical  purpofes. 

Quickfilver,  like  other  metals,  cannot  be  combined 
with  earthy  matters,  but  it  may  be  allayed  more  or  lefs 
eafily  with  all  metallic  fubftances,  except  iron,  arfenic,  the 
regulus  of  antimony,  cobalt,  and  nickel.  Thefe  allays, 
or,  as  they  are  more  commonly  called,  amalgams^  are 
more  or  lefs  foft  according  to  the  various  proportions  of 
mercury,  and  according  to  the  nature  of  the  other  metal 
mixed  with  it.  By  diftilling  thefe  amalgams  it  is  found, 
that  the  mercury  carries  along  with  itfelf  fome  portion 
even  of  the  heavieft  and  moft  perfedt  metal  with  which  it 
is  combined.  This  fhews,  that  mere  diftillation  is  not 
fufficient  to  feparate  the  mercury  from  other  metals. 

All  oily  and  fat  matters,  either  vegetable  or  animal,  can 
combine  with  mercury  by  trituration,  forming  dark-co- 
loured fubftances,  called  mercurial  ornaments. 

If  quickfilver  be  agitated  for  a confiderable  time  in  any 
veflel,  part  of  it  will  be  reduced  into  a black  powder, 
which,  by  means  of  heat,  can  be  reduced  again  into  fluid 
quickfilver.  This  powder  has  been  confidered  as  mercury 
partly  calcined,  that  is,  deprived  of  its  phlogifton ; but 
9 fome 
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fome  late  experiments  and  obfervations  of  Dr.  Prtestly, 
who  has  agitated  quickdlver,  not  only  in  air,  but 
alfo  in  water  and  other  fluids,  feem  to  fliow,  that  the 
above-mentioned  black  powder  is  rather  mercury  over- 
charged with  phlogifton  ; which  fuperabiindant  quantity 
of  phlogifton  the  mercury  may  pofftbly  receive  from  the 
fuhftances  in  which  it  is  agitated 

If  mercury  in  its  natural  metallic  ftate  is  taken  inter- 
nally, it  does  not  produce  any  remarkable  eftedl,  becaufe 
the  ftrong  attraction  between  its  parts  prevents  its  pene- 
trating the  fmall  veftels  of  the  human  body  ; but  when 
its  parts  are  much  divided,  by  its  combination  with  other 
matters,  or  otherwife,  it  then  aCts  as  a moft  powerful  re- 
medy for  feveral  diforders,  and  is  therefore  very  much 
ufed  in  the  practice  of  phyfic  ; but  as  moft  of  the  prepa- 
rations of  this  metal  are  of  dangerous  nature,  they  fhould 
be  always  managed  with  great  attention,  and  by  (killed 
phyficians ; for  they  are  not  only  dangerous  when  excef- 
(ively  ufed,  but  alfo  when  they  meet  with  fuch  fupera- 
bundant  fluids  in  the  human  body,  which  can  alter  their 
nature;  and  thus,  from  their  being  inoflenflve,  they  may 
become  abfolutely  poifonous. 

Having  thus  defcribed  the  principal  properties  of  me- 
tals in  as  fliort  a manner  as  the  importance  of  the  fubjeCt 
would  permit,  I fhall  conclude  this  long  chapter  with  a 
few  general  remarks  relating  to  metals.  The  old  Chy- 
* Experiments  and  Obfervations  on  Air,  &c.  Vo),  iv.  Sed.  i6.  17. 
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mifts,  who,  inftead  of  rendering  their  art  plain  and  fami- 
liar, endeavoured  to  conceal  it  under  myfterious  and  per- 
plexing expreffions,  gave  various  extravagant  names  to  al- 
moft  all  the  objects  of  their  examination,  and  efpecially  to 
the  metals,  which  it  was  their  interefl;  to  examine  more 
often,  and  with  greater  attention.  The  prefent  more  illumi- 
nated age  has  juftly  rejeded  the  greateft  part  of  thofe  ap- 
pellations ; but  yet  fome  of  them  are  ftill  in  ufe  with  fe- 
veral  modern  authors,  which  renders  it  neceffary  to  men- 
tion them,  in  order  that  the  perufal  of  various  excellent 
books  might  not  perplex  the  novices  in  this  interefting 
branch  of  philofophy. 

Gold  has  been  often  called  Sol^  the  Sun^  and  the  King 
of  metals.  Silver  has  been  called  alfo  Luna,  the  Moon  j 
hence  the  names  luna  cornea,  and  lunar  cryjials,  are  de- 
rived. Copper  obtained  the  name  of  V enus,  which  gave 
the  appellation  of  cryjials  of  Venus  to  the  cryftallized  fa- 
line  combination  of  vinegar  and  copper.  Iron  was  alfo 
called  Mars  ; hence  we  often  hear  of  martial  earth,  mar- 
tial ethiops,  faffron  of  Mars,  &c.  Lead  * was  called  alfo 
Saturn  : and  quickfilver,  as  we  have  already  mentioned, 
obtained  the  appellation  of  Mercury,  which  name  is  now 
more  frequently  ufed  than  that  of  quickfilver. 

In  the  various  combinations  of  metals  and  acids  men- 
tioned above,  it  has  been  often  remarked,  that  fuch  metal 
may  be  feparated  from  its  folution  in  a menflruum  by  this 
or  that  other  fubftance ; but  in  various ' cafes  this  remark 

has 
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has  been  negledled,  becaufe  it  feemed  a needlefs  fupeF- 
fluity,  after  that  the  various  affinities  of  acids  and  alkalies 
had  been  clearly  mentioned  in  the  preceding  lifts.  We 
may,  therefore,  obferve  in  general,  that  when  a metal,  or 
other  fubftance,  is  combined  with  an  acid,  or  an  alkali,, 
the  fubftances  may  be  parted  by  all  other  bodies  called 
intermediate^  viz.  that  have  a greater  degree  of  affinity 
with  that  acid  or  alkali,  than  the  fubftance  actually  com- 
bined with  it.  Thus,  for  inftance,  if  filver  be  diiTolved 
in  nitrous  acid,  it  may  be  feparated  from  that  acid  by 
alkalies,  by  lime,  by  copper,  and  other  fubftances,  which' 
are  fet  before  filver  in  the  lift  of  affinities  given  in  page 
the  28th. 

The  calcination  of  metals,  as  it  is  a very  fingular  phe- 
nomenon in  Ghymiftry,  fo  it  is  far  from  being  fufficiently 
nnderftood.  The  methods  of  calcining  the  imperfect  me- 
tals may  be  reduced  to  three,  viz.  by  the  adion  of  fire,, 
by  acids  in  certain  circumftances,  and  by  detonating  them 
with  nitre  The  fecond  of  thefe  methods  is  called  the 
humid  way^  becaufe  it  is  done  by  means  of  liquors,  or  at 
leaft  without  the  aid  of  fire ; and  on  the  contrary,  the 
firft  is  called  the  dry  way.  In  any  way,  the  calcination 
of  metals  is  attended  with  fome  general  appearances,  which 
are  of  a very  remarkable  nature.  Firft,  according  as  the 
calxes  are  more  accurately  deprived  of  phlogifton,  they 

* There  may  be  added,  that  fome  metals  are  calcinable  by  being  amalgamed 
with  mercury,  as  it  has  been  remarked  above. 
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become  more  difficultly  reducible,  .more  refraftory,  lefs 
volatile,  and  lefs  foluble  in  acids,  efpecially  in  the  nitrous ; 
which  properties  feem  to  fhew  that  their  fulibility,  vola- 
tility, &c.  are  in  great  meafure,  if  not  entirely  owing  to 
the  prefence  of  phlogiflon.  Secondly,  the  calx  of  a me- 
tal is  found  to  be  abfolutely  heavier  than  the  metal  be- 
fore calcination.  Thus,  if  an  ounce  of  lead  be  calcined, 
the  calx  will  be  found  to  weigh  fomething  more  than  an 
ounce ; and  the  metal  obtained  from  one  ounce  of  calx 
of  lead  will  weigh  lefs  than  one  ounce.  .This  increafe  of 
weight  has  been  attributed  to  two  various  caufes ; for 
fome  perfons,  fuppoling  that  phlogifton  gives  levity  to  bo- 
dies, thought  that  the  calx  of  a metal  became  heavier  in 
confequence  of  its  loling  the  phlogifton ; but  the  more 
reafonable  opinion  is,  that  the  faid  increafe  of  weight  is 
owing  to  the  adhefton  of  elaftic  fluids,  which  combine  with 
the  metallic  calxes  in  the  very  adt  of  calcination,  and  which 
is  feparated  from  them  as  foon  as  they  are  reduced  to  a 
metallic  ftate.  Laftly,  it  may  be  juft  hinted,  for  the  con- 
flderation  of  my  contemplative  readers,  that  various  me- 
tallic calxes  are  in  great  meafure  dilfoluble  in  water, 
which  property  fhews  that  they  have  fomewhat  of  a fa- 
line  nature  ; perhaps  the  elaftic  fluids,  or  that  matter, 
whatever  it  is,  which  generates  the  elaftic  fluids  obtained 
from  thofe  calxes,  renders  them  fo. 
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C H A P.  IX. 

\ 

Of  Semi-metals, 

TH  E Semi-metals  are  thofe  fubftances  which  have 
all  the  general  properties  of  metals,  excepting  fixity 
and  malleability  * ; for  they  can  be  fublimed  by  a fuffi- 
cient  degree  of  heat,  and  may  be  powdered,  rather  than 
extended,  by  the  repeated  ftrokes  of  an  hammer.  Thefe 
bodies  are  Zinc  or  Spelter,  Regulus  of  Antimony,  Bifmuth, 
and  Regulus  of  Cobalt  \ to  which  may  be  added,  Nickel, 
Manganefe,  and  another  femi-metal,  which  Mr.  Justi 
pretends  to  have  difcovered ; but  thefe,  efpecially  the  laft, 
are  very  imperfectly  known. 

Arfenic  is  a fubftance  which  has  all  the  properties  of  d. 
femi-metal,.  at  the  fame  time  that  it  pofleifes  a faline  pro- 
perty ; it  may  therefore  be  confidered  as  belonging  to 
both  clafles  of  bodies. 

Zinc  or  Spelter  is  a fubftance  which  comes  very  near  to 
the  nature  of  a metal,  or  which  rather  feems  to  be  in  an 
intermediate  ftate  between  metals  and  femi-metals ; it  be- 
ing partly  ducftile,  efpecially  when  it  is  well  furniftied 

* Mercury  being  very  volatile,  and  generally  fluid,  which  implies  not  malle- 
able, has  been,  by  fome  perfons,  confidered  as  a femi-metal ; but  it  mufl;  be 
confidered,  that  mercury  is  incombultible,  and  when  congealed  has  been  found 
to  be  malleable,  which  properties  are  incompatible  with  the  nature  of  femi- 
metals. 

with 
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with  the  inflammable  principle.  This  fubftance  is  of  a 
brilliant  white  colour  inclining  to  blue,  and  of  a conflder- 
able  fpecific  gravity ; it  being  fomewhat  more  than  feven 
times  the  weight  of  an  equal  bulk  of  water.  The  great 
quantity  of  phlogifton  exiiling  in  zinc,  which  is  flightly 
engaged  in  its  com^pofltion,  renders  it  the  mofl;  combuili- 
ble  of  all  metallic  fubflances ; hence  it  detonates  with 
nitre  more  violently  ; producing  a more  vivid  flame  than 
any  other  combuftible  body  ; for  which  reafon  it  is  often 
ufed  in  compofltions  for  fire-works. 

Zinc,  when  heated,  is  very  brittle.  If  expofed  to  a 
fufficient  fire,  it  melts  when  it  is  become  almofl:  red  hot, 
and  in  this  ftate  its  furface  is  converted  into  a grey  calx, 
which,  by  addition  of  phlogifton,  after  the  ufual  manner 
of  reducing  metallic  calxes,  may  be  eafily  converted  again 
•into  zinc.  In  a white  heat  this  femi-metal  burns  with  a 
dazzling  white  flame,  exceedingly  luminous  and  brilli- 
ant. In  this  combuftion  the  earthy  part  of  zinc,  which 
is  confiderably  fixed,  rifes  in  form  of  white  fmoke,  and 
either  floats  in  the  air  or  adheres  to  the  bodies  it  meets 
-with,  in  the  form  of  flocks,  which  are  called  flowers  of 
zinc,  or  philoflophic  wool.  Thefe  flowers,  if  colle(fted,  and 
expofed  again  to  a ftrong  fire,  they  rather  melt  than  fub- 
iime  a fecond  time.  By  being  expofed  to  a ftrong  heat, 
together  with  inflammable  bodies,  in  clofe  veflels,  they 
may  be  again  converted  into  zinc. 

This  femi-metal,  when  broken,  appears  compofed  of 

many 
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many  flat  and  {hining  plates,  which  are  larger,  when  it  has 
been  flowly  cooled  after  fufion,  than  otherwife. 

The  combined  adion  of  water  and  air  feems  to  have  as 
little  adion  upon  this  fubftance  as  it  has  upon  tin.  All 
acids  are,  more  or  lefs,  capable  of  diffolving  zinc,  and  alfo 
its  flowers ; which  feems  to  fhew,  that  the  latter  are  never 
intirely  deprived  of  phlogifton.  The  white  vitriol,  or  vi- 
triol of  zinc,  is  made  by  difTolving  one  part  of  zinc  in  fix 
parts  of  vitriolic  acid,  diluted  with  an  equal  quantity  of 
water. 

Zinc  may  be  combined  more  or  lefs  eafily  with  all  me- 
tallic fubftances,  excepting  bifmuth  and  nickel.  It  is  re- 
markable, that  when  united  with  copper,  even  in  a con- 
fiderable  proportion,  it  diminifhes  very  little  the  mallea- 
bility of  that  metal,  and  at  the  fame  time  renders  its  colour 
more  beautiful,  and  more  like  the  colour  of  gold.  This 
colour  varies  according  to  the  different  proportions  of  thefe 
two  metallic  fubftances  in  the  compound,  which  acquires 
different  names  accordingly,  as  brafs^  tombaCy  fimilory 
pinchbecky  2indL  prince  s metal , The  zinc  for  thefe  compofi- 
tions  muft  be  very  pure,  and  free  from  other  metallic  bodies. 
The  method  of  purifying  this  femi-metal,  which  is  prin- 
cipally founded  upon  its  property  of  not  uniting  with 
fulphur,  is  thus  defcribed  by  Mr.  Macquer  : — When 
zinc  is  melted  in  a large  crucible,  fuet  and  fulphur  alter- 
nately, and  the  latter  in  larger  quantities  than  the  former, 
muft  be  thrown  upon  it.  If  the  zinc  is  pure,  the  fulphur 
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burns  freely  on  its  furface  j but  if  it  is  allayed,  the  fill- 
phur  combines  with  the  other  metals,  and  forms  with 
them  a kind  of  fccria,  which  muft  be  taken  off.  This 
alternate  projection  of  fuet  and  fulphur  upon  zinc  is  con- 
tinued till  the  fulphur  be  burnt  on  the  furface  of  the 
melted  zinc  without  forming  any  fcoria  ; the  zinc  thus 
purified,  may  be  fuccefsfully  employed  for  making  of  brafs 
or  metdlic  mixtures  in  imitation  of  gold. 

Antimony  is  a fubftance  commonly  found  in  unfhapely 
maffes,  which  appear  compofed  of  long  brittle  needles  of 
a fhining  leaden  colour.  In  this  ftate  it  is  called  nativCy 
or  mineral  antimony  ; which,  when  it  is  feparated  from 
ftones  and  other  earthy  bodies,  by  fufion,  is  called  fufed  an- 
timony. This  mineral  is  a compound  of  fulphur  and  a femi- 
metallic  fubftance,  called  the  regulus  of  anthnony^  which 
may  be  feparated  from  the  fulphur  by  various  procefles, 
the  limpleft,  though  the  longeft,  of  which  is  torrefaSlion.^ 
or,  as  it  is  commonly  called,  calcination.  For  this  pur- 
pofe  the  antimony,  grofsly  powdered,  is  expofed  to  a mo- 
derate fire  in  a flat  and  fhallow  earthen  vefTel,  and  is  kept 
continually  ftirring.  In  this  cafe  the  fulphur  of  the  anti- 
mony, which  is  more  volatile  than  its  regulus,  efcapes  in 
vapours,  and  leaves  the  femi-metallic  part  of  antimony  by 
itfelf,  which,  however,  is  partly  deprived  of  its  phlogifton, 
and  is  accordingly  more  fixed,  and  lefs  fufible,  than  crude 
antimony  It  is  therefore  called  calx  of  antimony^  and 

* This  operation  muft  be  continued  till  no  more  fulphurous  vapours  are  emitted. 

10 


IS 


99 


A71  lntroduElio7t  to  Chyfnijlry. 

is  of  a gfey  afh-colour.  This  calx,  if  expofed  to  a fuffi- 
ciently  ftrong  heat,  melts,  and  when  cold  appears  an 
opake  brown  fubftance,  called  liver  of  a77ti77to7iy ; but  a 
greater  degree  of  heat,  viz.  a more  perfed;  calcination, 
renders  this  calx  a brittle  tranfparent  fubftance  of  a hya- 
cynthine  colour,  called  glafs  of  a77ti77to77y.  All  thefe  three 
preparations  of  antimony,  viz.  the  calx,  the  liver,  and  the 
glafs,  when  taken  internally,  are  violent  emetics ; whereas 
antimony  is  not.  Either  of  thefe  preparations,  by  the 
addition  of  combuftible  matters,  after  the  common  me- 
thod of  revivification,  may  be  reduced  into  regulus  of  anti- 
mony ; which  is  a hard,  brittle,  femi-metallic  body,  of  a 
leaden  white  colour,  appearing  compofed  of  fmall  fhining 
furfaces. 

The  regulus  of  antimony  may  be  alfo  feparated  from 
the  fulphur  by  the  intermediation  of  other  metallic  fub- 
ftances,  which  have  a greater  afiinity  with  fulphur  than 
the  regulus  of  antimony  ; fuch  are  copper,  tin,  lead, 
filver,  and,  beft  of  all,  iron  ; any  of  which  metals,  when 
added  to  fufed  antimony,  will  combine  with  the  fulphur, 
and  leave  the  reguline  part  by  itfelf.  The  regulus  of  an- 
timony thus  obtained  acquires  the  name  of  the  metal  em- 
ployed for  its  feparation,  viz.  77tartial  regulus^  regulus  of 
copper^  regulus  of  tm^  &c.  Another  method  of  obtaining 
the  regulus  of  antimony  is  the  following : — A mixture, 
conftfting  of  eight  parts  of  powdered  antimony,  fix  parts 
of  tartar,  and  three  parts  of  nitre,  is  thrown  at  different 

O 2 times 


TOO 


An  hitroduSiion  to  Chymijiry, 

times  into  a crucible,  which  muft  be  red  hot,  and  fur- 
rounded  with  burning  coals.  This  mixture  will  detonate, 
but  after  the  detonation  the  fire  muft  be  increafed  fo  as  to 
fufe  the  matter  remaining  in  the  crucible  ; then  the  cru- 
cible is  removed  from  the  fire,  and,  when  cold,  is  broken, 
in  order  to  obtain  the  fubftance  it  contains,  which  will 
be  found  confifting  of  two  diftincft  matters,  namely,  the 
regulus  of  antimony,  and  a cruft  lying  over  it,  which  is 
called  the  fcoria  of  the  regulus  of  antimonyy  and  may  be 
feparated  from  the  former  by  a ftroke  of  an  hammer* 
This  fcoria  is  compofed  of  part  of  the  fubftances  ufed  in 
the  procefs,  in  fome  meafure  altered  by  their  combination, 
and  by  the  action  of  fire.  It  is  of  an  alkaline  acrid  nature  : 
it  attrads  the  moifture  of  the  atmofphere,  and  is  decom- 
pofed  by  it. 

By  detonating  antimony  with  three,  times  its  weight  of 
nitre,  a white  mafs  is  obtained,  which  is  the  calx  ol  anti- 
mony joined  to  faline  matters,  the  latter  of  which  may  be 
feparated  by  wafhing,  and  then  the  calx  is  called  diapho- 
retic mineraly  diaphoretic  antimony y or  white  calx  of  atjti- 
mony.  This  calx,  which  is  confidered  as  entirely  deprived 
of  phlogifton,  is  very  fixed,  is  infoluble  in  acids,  and  may 
be  reduced  again  into  regulus  of  antimony  by  expofing  it 
to  the  adion  of  a ftrong  fire,  together  with  inflammable 
fubftances,  in  clofe  velTels. 

Whenever  antimony  is  expofed  to  a degree  of  heat  ca- 
pable of  fufing  it,  a volatile  matter  efcapes  from  it,  which 
9 is 
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is  its  reguline  part,  in  fome  meafure  deprived  of  phlo- 
gifton.  This  matter  adheres  to  any  cold  body  it  meets 
with,  and  is  called  flowers  of  antimony. 

Kermes  mineral  is  a precipitate  of  antimony,  very  much 
ufed  in  medicine.  The  procefs  for  making  it  is  thus  de- 
feribed  by  Mr.  Macquer  : — “ When  crude  antimony  is 
“ boiled  in  a lixivium  of  fixed  alkali,  a liver  of  fulphur  is 
“ formed  from  the  combination  of  this  alkali  with  the 
“ fulphur  of  the  antimony,  by  which  the  metalline  part  of 
“ the  antimony  is  difiblved.  But  the  alkali,  by  its  being 
“ dilTolved  in  water,  having  but  a flight  union  with  the 
“ fulphur,  this  antimoniated  liver  of  fulphur  cannot  be 
“ kept  fufpended  in  the  water,  when  the  heat  of  that 
“ fluid  is  lefs,  or  much  lefs,  than  is  fuflicient  to  make  it 
“ boil.  Hence,  when  the  liquor  cools,  it  becomes  tur- 
“ bid  ; and  a brick-coloured  fediment  falls  down,  which 
“ has  been  called  kermes  mineral.  This  precipitate  drags 
‘‘  down  along  with  it,  according  to  a general  rule  of  all 
“ precipitates,  a portion  of  the  alkali  by  which  it  was 
“ kept  difiblved.  But  this  portion  of  alkali  is  very  fmall. 
“ For  this  reafon  alfo  the  kermes  cannot  be  kept  difiblved 
“ but  in  very  hot  water.  Flence  it  appears,  that  kermes 
“ is  nothing  but  an  antimonial  liver  of  fulphur,  contain- 
“ ing  the  fmallefl:  pofiible'  quantity  of  alkali,  or  a fu- 
“ perabundant  quantity  of  fulphur  and  regulus  of  anti- 
“ mony. 

“ Kermes  may  alfo  be  made  by  fufion,  that  is,  by  melt- 
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ing  in  a crucible  dry  alkaline  fait  and  crude  antimony, 
and  then  didolving  the  combination  in  boiling  water. 
“The  fame  phenomena  appear,  as  in  the  preceding  ope- 
“ ration,  and  for  the  fame  reafons.” 

The  regulus  of  antimony  is  very  difficultly  diffiolved  by 
acids;  and  the  marine  acid  feems  to  have  no  action  at  all 
upon  it ; but  aqua  regia,  efpecially  when  compofed  of  four 
parts  of  nitrous  and  one  part  of  marine  acid,  diffiolves  it 
completely. 

Butter  of  antimony^  fo  called  from  its  butiraceous  ap- 
pearance, is  a very  corrofive  metallic  fait,  obtained  by 
diftilling  powdered  antimony,  or  its  regulus,  mixed  with 
coiTofive  fublimate.  This  butter  of  antimony  is  very 
eafily  and  violently  diffiolved  by  nitrous  acid, 

Bifmuth^  or  tm-glafs^  is  a femi-metal  of  a dull  white 
colour,  feemingly  compofed  of  cubes,  formed  by  the  ad- 
hefion  of  plates  upon  each  other.  The  fpecific  gravity  of 
bifmuth  exceeds  that  of  any  other  femi-metal,  it  being 
about  nine  times  heavier  than  water.  When  this  lemi- 
metal  is  expofed  to  the  adfion  of  fire,  it  melts  in  a low 
degree  of  heat,  namely,  about  the  four  hundred  and 
fixtieth  degree  of  Farenheit’s  thermometer.  In  a degree 
of  heat  greater  than  that  required  to  keep  it  barely  in 
fufion,  flowers  arife  from  it,  like  the  flowers  of  zinc ; it 
is  calcined  ; and  is  reduced  into  a litharge,  and  laftJy,  a 
glafs. 

When  bifmuth  is  combined  with  fulphur,  with  which 

it 
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it  has  a good  degree  of  affinity,  it  forms  a ftriated  mineral 
body,  fimilar  to  antimony.  All  metallic  fubftances,  ex- 
cepting zinc,  the  regulus  of  cobalt,  and  arfenic,  may  be 
combined  with  bifmuth.  In  this  combination  it  is  ob- 
fervablc,  that  this  femi- metal  increafes  the  fuiibility  of 
the  other  metallic  bodies,  efpecially  of  tin  and  lead  : hence 
it  may  be  ufed  inftead  of  lead  to  purify  gold  and  iilver  in 
the  procefs  of  cupellation  : 'it  is  alfo  ufed  in  compoiitions 
for  folders,  for  foiling  of  glafs  mirrors,  and  other  purpofes. 
An  allay  of  tin  and  bifmuth  in  equal  quantities  is  fuhble  in 
a degree  of  heat  equal  to  the  two  hundred  and  eighty-third 
of  Farenheit’s  thermometer  ; and  an  allay  of  one  part  of 
lead,  four  parts  of  tin,  and  five  parts  of  bifmuth,  melts  in 
a degree  of  heat  nearly  equal  to  that  of  boiling  water, 
which  anfwers  to  two  hundred  and  twelve  degrees  of  the 
above-mentioned  thermometer 

The  vitriolic  acid  has  no  power  of  properly  diffolving 
bifmuth.  The  marine  acid  diffiolves  a fmall  quantity  of 
it  very  flowly,  and  with  difficulty.  But  the  nitrous  acid 
diffiolves  it  with  heat  and  effervefcence ; the  folution  ap- 
pearing of  a pale  red  colour,  and  when  cold,  it  concretes 
into  fmall  cryftals.  By  adding  water  to  this  folution,  a 
beautiful  white  precipitate  is  obtained,  called  magtfie7y  of 
bifmuth\  and  when  freed  from  adhering  acid  by  waffiing, 
is  ufed  by  painters,  under  the  appellation  of  SpaftiJJo  white. 
This  precipitate,  like  white  lead,  imbibes  phlogiflon  very 
* See  Dr.  Mar'tine’s  Effays,  Medical  and  Philofophical,  p.  366. 
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readily,  whenever  it  meets  with  it,  and  in  that  cafe  it  be- 
comes black. 

Birmuth,like  all  other  calcinable  metallic  bodies,  is  eaiily 
calcined  with  nitre,  but  it  does  not  detonate  with  it. 

Cohalt  is  a name  given  to  various  heavy  minerals,  con- 
taining different  matters,  but  among  them  always  one, 
which  may  be  reduced  into  a calx,  called  zaffre^  and  may 
be  vitrified ; in  which  ftate  it  acquires  a beautiful  blue 
colour,  and  is  the  only  fubftance  ufed  to  give  a blue  tinge 
to  glafs  and  other  vitrifications.  This  blue  vitrified  fub- 
ftance, by  means  of  phlogiftic  bodies  in  a fufficient  fire, 
may  be  revivified  into  a brittle  femi-metallic  fubftance 
called  the  rsgulus  of  cobalt. 

The  calx  as  well  as  the  regulus  of  cobalt  has  the  fingu- 
lar  property  of  making  what  is  called  fympathetic  ink  ; 
that  is,  a liquor  with  which  one  may  write  upon  paper, 
and  may  make  the  writing  appear  and  difappear  at  plea- 
fure. 

The  eafieft  and  beft  method  of  making  this  fort  of  ink 
is  the  following : — Keep  fome  zaffre  in  nitrous  acid,  till 
this  acid  can  diffolve  no  more  of  it,  then  dilute  the  folu- 
tion  with  water,  and  that  is  the  ink  required.  With  this 
liq  nor  charadlers  or  drawings  may  be  marked  upon  white 
paper,  which  will  not  appear  when  the  paper  is  cold  and 
rather  moift,  but  when  expofed  to  a moderate  degree  of 
heat,  viz.  about  equal  to  that  of  the  fun-light  in  fummer, 
they  immediately  acquir^e  a beautiful  green  colour,  and 
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confequently  become  plainly  vilible.  Thus  the  fame  cha- 
racters may  be  made  to  appear  and  difappear  as  often  as 
it  is  required,  by  the  alternate  application  of  heat  and 
cold.  When  the  paper  thus  marked  is  expofed  to  the 
fire,  care  muft  be  taken  not  to  give  it  a more  than  fuffi- 
cient  degree  of  heat,  for  then  the  characters  will  not  dif- 
appear again  by  cold,  but  remain  always  upon  the  pa- 
per. 

Nickel  is  a femi-metal,  found  combined  v/ith  cobalt, 
iron,  and  other  minerals;  but  it  has  never  yet  been  found 
by  itfelf.  It  was  firft  difcovered  by  Mr.  Cromstedt  ; who, 
in  the  aCts  of  the  Royal  Academy  of  Sciences  at  Stock- 
holm, for  the  years  1751,  and  1754,  defcribes  it  in  the 
following  manner : 

‘‘  I.  It  is  of  a white  colour,  which  however  inclines 
“ fomewhat  to  red.  II.  It  is  of  a folid  texture,  and  fiiinino; 
“ in  its  fractures.  III.  Its  fpecific  gravity  to  water  is  as 
“ eighty-five  to  ten.  IV.  It  is  pretty  fixt  in  the  fire  ; 
“ but  together  with  the  fulphur  and  arfenic,  with  which 
“ its  ore  abounds,  it  is  fo  far  volatile,  as  to  rife  in  form 
‘‘  of  hairs  and  branches,  if  in  the  calcination  it  is  left 
“ without  being  ftirred.  V.  It  calcines  to  a green  calx. 
“ VI.  This  calx  is  not  very  fufible,  but  however  tinges 
“ glafs  of  a tranfparent  reddifh  brown,  or  jacinth  colour. 
“ VII.  It  diflblves  in  aqua-fortis,  aqua-regia,  and  the  fpi- 
“ rit  of  fea-falt,  but  more  difficultly  in  the  vitriolic  acid, 
“ tinging  all  thefe  folutions  of  a deep  green  colour.  Its 
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‘‘  vitriol  is  of  the  fame  colour  ; hiit'tlie  colcothar  * of  this 
vitriol,  as  well  as  the  precipitates  from  the  folutions,  be- 
“ come  by  calcination  of  a light  green  colour.  VIII. 
“ Thefe  precipitates  are  diflblved  by  the  fpirit  of  fal  arn- 
“ moniac,  and  the  folution  has  a blue  colour;  but  being 
“ evaporated,  and  the  fediment  reduced,  there  is  no  cop- 
“ per,  but  a nickel  regulus  is  produced.  'IX.  It  has  a 
“ ftrong  attracfion  to  fulphur  ; fo  that  when  its  calx  is 
“ mixed  with  it,  and  puts  on  a fcorifying  tafte  under  the 
muffel,  it  forms  with  the  fulphur  a regule  : this  regule 
refembles  the  yellow  fteel-grained  copper  ores,  and  is 
“ hard  and  fhining  on  its  convex  furface.  X.  It  unites 
“ with  all  the  metals,  except  quickhlver  and  filvcr.  When 
the  nickel  regulus  is  melted  with  the  latter,  it  only  ad- 
“ heres  clofe  to  it,  both  the  metals  lying  near  one  another 
“ on  the  fame  plane  ; but  they  are  eafily  feparated  with 
“ a hammer.  Cobalt  has  the  flrongeft  attradiion  to 

I 

“ nickel,  after  that  of  iron,  and  then  to  arfenic.  The 
“ two  former  cannot  be  feparated  from  one  another  but 
“ by  their  fcorification,  which  is  eafily  done,  fince,  XI. 
“ This  femi-metal  retains  its  phlogifton  a long  time  in 
“ the  fire,  and  its  calx  is  reduced  by  the  help  of  a very 
“ fmall  portion  of  inflammable  matter  : it  requires,  how- 
“ ever,  a red  heat  before  it  can  be  brought  into  fufion, 

* Colcothar  is  properly  the  fubftance  remaining  after  the  calcination  and 
diftillation  of  martial  vitriol  with  a violent  fire. 
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“ and  melts  a little  fooner,  or  almofl:  as  foon  as  copper 
“ or  gold,  confequently  fooner  than  iron,” 

The  Manganefe,  or  minerals  of  the  manganefe  kind, 
are  fome  dark-coloured  maffes,  confifting  of  various  fhin- 
ing  particles,  from  which  bodies  fome  earth,  a little  iron, 
and  often  a very  fmall  quantity  of  tin  may  be  obtained. 
Some  mineralogifts  have  conhdered  thefe  minerals  as 
earths,  whilfl:  others  ranked  them  among  the  ores  of  iron; 
and  fome  perfons  even  think,  that  they  contain  a femi- 
metal  different  from  the  other  femi- metals  hitherto  de- 
fcribed.  It  muft  be  obferved,  that  this  mineral  contains 
a prodigious  quantity  of  elaftic  fluid  in  a condenfed  ftate, 
or  of  that  fubftance,  v/hatever  it  may  be,  which  by  vari- 
ous means  may  be  made  to  acquire  the  form  of  an  elaftic 
fluid,  in  many  refpecfts  ftmilar  to  air. 

Arfenic  is  a heavy  and  brittle  fubftance,  whofe  colour 
nearly  refembles  the  colour  of  lead,  but  by  expofure  to 
the  air  it  foon  changes  its  fhining  colour,  firft  to  yellow, 
and  then  to  black.  When  broken,  it  appears  laminated 
in  the  fractures.  The  white  arfenic  is  the  calx,  or  flowers 
ot  arfenic,  which  by  the  addition  of  phlogifton,  may  be 
again  reduced  into  arfenic,  or,  as  it  is  more  commonly 
called,  into  regulus  of  arfenic.  This  fubftance  is  com- 
monly arranged  amongft  the  femi-metals;  but  it  pofteftes 
many  ftngular  properties,  which  render  it  different  from 
the  other  femi-metals,  and  indeed  from  any  other  clafs  of 
bodies.  It  is  always  volatile,  whether  in  the  form  of 
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regulus  or  of  flowers,  and  in  the  fire  burns  with  a fmall 
flame,  and  produces  a difagreeable  fmell  like  garlick  ; by" 
which  fmell  its  prefence  in  any  compound  may  be  eafily 
known.  White  arfenic  is  dilfoluble  in  all  acids,  and  in^ 
water,  for  which  property  it  refembles  faline  fubftances. 
When  put  upon  the  tongue,  it  gives  an  acrid  and  hot 
fenfation  ; and  however  applied  to  the  human  body,  it 
always  ads  as  a mofl:  violent  corrofive  poifon  ; neverthelefs 
in  fome  cafes  a fmall  quantity  of  it  has  fometimes  been 
prefcribed  as  a remedy. 

Arfenic  eafily  unites  with  all  metallic  bodies,  except- 
ing mercury,  with  which  it  has  no  affinity ; rendering 
them  brittle,  and  changing,  in  great  meafure,  their  colour ; 
hence  it  is  ufed  in  various  metallic  compofitions  in  imita- 
tion of  filver  It  alfo  renders  more  volatile,  vitrifies,  and 
fcorifies  all  folid  bodies,  excepting  gold,  filver,  and  pla- 
tina  ; and  increafes  the  fufibility  of  various  very  refrac- 
tory bodies. 

Its  great  fufibility  is  by  no  means  diminifhed  by  a more 
perfed  calcination,  which  is  juft  the  reverfe  of  what  hap- 
pens with  other  metallic  calxes  : indeed,  the  great  vola- 
tility of  arfenic  prevents  its  being  expofed  to  a very  in- 
tcnfe  heat  ; however,  when  it  adheres  to  fome  forts  of 
earths,  it  can  even  fuftain  a vitrifying  heat ; for  it  is  often 

* Arfenic  is  an  ingredient  in  the  metallic  compofitions  called  white  copper^ 
and  white  tombac  \ and  alfo  in  the  compofition  of  fome  metallic  refledors. 
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ufed  in  the  compofition  of  fome  farts  of  glafs,  to  which 
it  gives  a great  whitenefs  and  clearnefs. 

Arfenic  decompofes  nitre  very  eafily ; for  when  thofe 
two  fiibftances  are  diftilled,  the  nitrous  acid  is  feparated 
from  its  bafis,  whilft  the  arfenic  combines  with  that  al- 
kaline balls  of  nitre,  and  forms  with  it  a neutral  kind  of 
fait,  which  Mr.  Maquer,  who  firft  examined  it,  calls  neu- 
tral arfenical  fait.  This  fubftance  may  be  eahly  combined 
with  fulphur,  forming  a compound  which,  from  its  co- 
lour, is  called  arfenicy  when  the  proportion  of  ful- 

phur to  arfenic  in  the  mixture  is  as  one  to  nine  \ and  red 
arfenic^  when  that  proportion  is  as  one  to  four.  By  this 
combination  with  fulphur,  arfenic  becomes  a little  lefs 
volatile,  and  more  fulible  \ fo  that  red  arfenic  may  be 
melted,  in  which  cafe  it  becomes  tranfparent,  and  is  then 
called  ruby  of  fulphur^  or  arfenical  ruby.  Combinations 
of  arfenic  and  fulphur  are  alfo  found  natural,  either  by 
themfelves,  or  together  with  other  bodies,  efpecially  with 
cobalt.  Thefe  natural  compounds  of  arfenic  and  ful- 
phur, when  yellow,  are  called  orpiment^  orpin,  and  yellow 
rizigal ; and  when  they  are  of  a red  colour,  are  called  fan- 
darach,  realgar,  or  red  rizigal. 

The  arfenic  may,  in  fome  meafure,  be  feparated  from 
fulphur  by  fublimation,  on  account  that  the  latter  is  more 
volatile  than  the  former ; but  a more  perfed:  feparation  of 
thefe  two  bodies  mufl  be  made  by  means  of  fome  inter- 
mediate 


no 
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mediate  fubftances ; the  befl  for  which  purpofe  are  fixed 
alkali  and  mercury. 

In  confequence  of  the  above-mentioned  and  other  ob- 
fervations,  it  feems,  that  arfenic  is  principally  formed  by 
a particular  acid,  which,  when  it  is  united  to  a fmall  quan- 
tity of  phlogifton,  forms  white  arfenic  ; and  with  a greater 
quantity  of  the  inflammable  principle  forms  the  regulus 
of  arfenic. 


CHAP.  X. 

Of  Vegetable  a7^d  Animal  Subjiances, 

^ H E Vegetable  kingdom,  or  the  clafs  of  thofe  or- 
B ganized  bodies  which  have  the  power  of  growing 
and  propagating  the  fpecies,  but  are  deftitute  of  felf-mo- 
tion,  comes  next  to  the  Mineral  in  point  of  fimplicity  ; 
for  among  the  minerals  we  obferved  feveral  bodies  fo  ho- 
mogeneous in  their  fubftance,  that  no  art  could  ever  alter, 
or.difcover  any  variety  of  principles  in  them  ; but  the  ve- 
getables are  never  fo  Ample.  Some  earth,  fait,  water,  and 
oil  is  to  be  found  in  every  plant  ; and  various  particular 
plants  contain  a fmall  portion  of-fome  other  fubftances 
befides. 

The  great  chymical  difference  between  the  Mineral  and 

the 
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the  other  two  kingdoms  of  nature  is,  that  the  vegetable' 
and  the  animal  bodies  furnifh  an  inflammable  fat  or  oily 
fubfliance,  which  is  not  to  be  obtained  from  any  mineral 
It  is  owing  to  this  oil  that  animal  and  vegetable  bodies 
are  fufceptible  of  fermentation,  whereas  the  mineral  bodies 
are  not.  The  particulars  by  which  the  principles  of  ve- 
getables differ  from  thofe  of  animal  bodies  are,  that  the 
faline  principles  of  the  former  are  generally  acid,  and  by 
being  reduced  into  afhes,  they  are  moftly  changed  into 
fixed  alkali ; but  the  faline  principles  of  the  latter  either 
are,  or  may  beeafily  changed  into  volatile  alkalies.  The 
oils  of  animal  bodies  in  general  are  alfo  more  attenuated, 
and  more  eafily  volatilifed  ; for  which  reafons  animal  fub- 
ftances  are  more  fubjedt  to  putrefadlion  than  vegetables. 

Some  vegetable  fubfi:ances,efpecially  feeds,  when  ftrongly 
compreffed,  yield  a mild,  fat,  and  undluous  oil,  which  in 
general  is  not  diffoluble  in  fpirits  ‘f*.  It  is  called  exprejjed 
oil^  and  often  fat  oily  from  its  undtuoufnefs.  Such  oils  are 
fuppofed  to  exift,  in  the  bodies  from  which  they  are  extract- 
ed, in  the  fame  ftate  as  we  fee  them  ; whereas  the  oils  that 
are  extracted  by  means  of  difiillation,  are  altered  by  the 


* This  propofition  is  founded  upon  the  fuppofition,  that  bitumens,  and  other 
fuch-like  oily  fubftances  found  in  the  bowels  of  the  earth,  derive  their  origin 
from  vegetable  or  animal  bodies,  which  is  a very  probable  opinion. 

■f  The  rind  of  lemons,  oranges,  and  fome  other  vegetable  matters,  when 
only  fqueezed,  yield  an  oil  which  is  much  thinner  and  lighter  than  the  ex- 
prefied  oils.  It  retains  the  odour  of  the  fruit,  and  is  foluble  in  fpiric  of  wine. 
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action  of  heat.  Thefe  oils  have  an  acid  tafte,  and  are 
foluble  in  fpirit  of  wine. 

Plants  in  general,  that  are  not  very  dry,  when  comprefled, 
yield  a juice,  which  contains  a great  deal  of  water,  fome 
fait,  a fmall  quantity  of  oil,  and  a very  little  portion  of 
earth.  When  this  exprelTed  liquor  has  been  kept  for  fome 
time  in  a cool  place,  it  depohts  fome  faline  cryftals,  called 
ejfential falts^  which  contain  the  acid  of  the  plant  com- 
bined with  a proportionably  fmall  quantity  of  oil.  When 
the  plants  are  very  dry  and  ligneous,  they  mull  be  fteeped 
and  triturated  in  water  for  a conliderable  time,  in  order 
to  extradl  their  effential  falts.  Sometimes  thefe  eflential 
falts  cannot  be  obtained,  or  not  without  difficulty,  when 
they  are  enveloped  in  much  oil : in  which  cafe  part  of  the 
oil  of  the  plant  may  be  firfl  extracted  by  means  of  fpirit 
of  wine  ; after  which  the  falts  may  be  more  eahly  ob- 
tained. When  the  liquors  containing  the  effential  falts  of 
plants  are  evaporated,  the  rehduums,  which  become  about 
as  conhftent  as  honey,  are  called  extra&s.  Some  extracfls 
are  alfo  made  by  only  boiling  the  plants  in  water  ; but  in 
general  they  are  not  efheemed  fo  good  as  the  others. 

The  oil  of  plants  extracted  by  triturating  them  in  fpi- 
rit of  wine,  is  feparated  by  the  addition  of  water ; for  the 
fpirit  of  wine  having  a greater  affinity  to  water,  will  com- 
bine with  it,  and  will  leave  the  oil  by  itfelf,  which  may 
then  be  feparated,  by  decanting  the  liquor  attentively. 

With  the  aid  of  fire,  the  analyfis  of  plants  may  be  car- 
ried 
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tied  much  farther  than  by  the  above-defcribed  means. 
The  fat  oils  may  be  obtained  by  only  boiling  the  plants 
in  water.  When  a frefh  vegetable  fubftance  is  expofed  to 
a very  gentle  degree  of  heat  in  a diflilling  veffel,  it  gives 
firft  a thin  and  very  volatile  liquor,  which  retains  the 
fmell  of  the  plant,  and  has  been  called  fpiritus  reSior.  If 
water  is  put  into  the  diftil  together  with  the  plant,  and 
the  fire  be  raifed  fo  as  to  keep  the  water  boiling,  then  the 
efiential  oil  of  this  plant,  together  with  the  water,  will  be 
diftilled  over.  It  has  been  found,  that  if  the  fpiritus  rec- 
tor has  been  firft  drawn  from  a plant,  no  elfential  oil  can 
afterwards  be  obtained  from  it.  After  having  extracted 
the  efiential  oil,  if  the  plant  be  diftilled  without  water,  it 
will  firft  yield  a phlegm,  which  grows  gradually  acid  ; 
then  by  increafing  the  fire,  a thicker  and  heavier  oil  is  ob- 
tained. Some  plants  do  alfo  yield  fome  volatile  alkali ; 
and  laftly,  a thick  and  foetid  oil  is  diftilled,  called  empy-- 
reumatic  oil.  The  fixed  part  of  the  plant,  which  re- 
mains in  the  diftil,  is  a coaly  refiduum,  called  caput  mor-- 
tuum  by  the  chymifts  ; which  refiduum  may  be  burned  to 
alhes  in  the  open  air,  and  from  thefe  afhes  a fixed  alkali 
is  obtained  by  walking  them  in  water,  and  fuffering  the 
lixivium  to  evaporate. 

The  Animal  kingdom,  which,  agreeably  to  our  defign, 
comes  next  to  be  examined,  is  by  far  more  compounded 
than  either  the  Mineral  or  the  Vegetable.  To  defcribe 
particularly  the  nature,  elements,  and  properties  of  the 

various 
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various  fluids  and  folids  belonging  to  animal  bodies  in  ge- 
neral, would  require  a very  long  detal,  by  far  exceeding 
the  limits  of  this  introdudtion,  and  perhaps  quite  unnecef- 
fary  for  the  main  object  of  this  book.  Wefhall  therefore 
content  ourfelves  with  a fhort  account  of  the  components 
of  animal  fubftances,  confidered  under  general  heads,  and 
without  minutely  examining  every  particular. 

The  fucculent,  flefhy  parts  of  an  animal  juft  deprived  of 
life,  when  only  comprefled,  yield  a liquor  which  contains 
moft  of  the  principles  of  the  animal  body.  A juice  much 
of  the  fame  nature  is  obtained  by  boiling  the  hard  and 
dry  parts  of  an  animal,  fuch  as  horns,  bones,  cartilages, 
&c.  Thefe  juices  by  evaporation  are  reduced  into  thick 
jellies,  or  animal  extracts,  which  differ  from  the  vegetable 
extracts  in  their  affording  no  cryftals  of  effential  falts,  and 
do  not  fhew  any  fign  of  acid  or  alkaline  principle.  The 
animal  oil,  which  is  fo  far  analogous  to  the  fat  oil  of  ve- 
getables, as  to  be  mild,  uncftuous,  not  diffoluble  in  fpirit 
of  wine,  and  attenuated  by  the  acftion  of  fire,  exifts  moftly 
in  feparate  pieces  called  fat^  and  may  be  feparated  by  a 
knife  * . 

There  is  very  little  acid  obtainable  from  animal  bodies; 
which  however  feems  to  be  different  from  the  mineral  or 
vegetable  acids.  Some  infe<fts,  efpecially  ants  and  can- 
tharides,  furnifti  particular  acids,  which  are  diftinguifhed 
by  the  names  of  thofe  infed:s.  The  acid  of  ants,  which 

* Animal  fubftances  do  not  contain  any  light  c/Tential  oil,  like  vegetables. 
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has  been  pretty  well  examined,  has  affinity  with  the  fol- 
lowing fubftances. 


1.  Pure  ponderous  earth, 

2.  Fixed  vegetable  alkali, 

3.  Fixed  mineral  alkali, 

4.  Pure  lime, 

5.  Pure  manganefia, 

6.  Volatile  alkali, 

7.  Zinc, 

8.  Magnefia, 

9.  Iron, 

10.  Lead, 


11.  Cobalt, 

12.  Copper, 

13.  Nickel, 

14.  Arfenic, 

15.  Bifmuth, 

16.  Antimony, 

17.  Silver, 

18.  Platina, 

19.  Pure  argillaceous  earth,  & 

20.  Water. 


From  the  urine,  efpecially  of  the  human  fpecies,  a fait 
is  obtained,  called  native^  or  ejfential  fait  of  urine^  phofpho- 
ric falt^  and  mkrocofmic fait.  It  is  a neutral  fait,  containing 
a particular  acid  phofphoric  acid^  becaufe,  when  pro- 

perly combined  with  phlogifton,  it  forms  a fubftance  called 
phofphorus,  from  its  property  of  fhining  in  the  dark  * ; and 
a fixed  or  volatile  alkali.  This  fait  is  obtained  by  evapo- 
rating urine,  till  it  becomes  nearly  as  confiftent  as  honey, 
and  then  leaving  it  to  cryftalize  in  a cool  place.  When 
this  fait  is  expofed  to  the  adtion  of  a ftrong  fire  in  clofe 
veflels,  a very  penetrating  volatile  alkali  is  difengaged  from 
it,  but  the  acid  remains  at  the  bottom  of  the  veflel. 

* The  method  of  preparing  this  phofphorus  from  urine  will  be  defcribed  in 
the  fequel. 

2 The 
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The  phofphoric  acid  is  fo  fixed,  that  it  may  be  made 
red  hot  without  evaporating.  In  this  manner  it  may  be 
reduced  into  a folid  and  tranfparent  body  like  glafs.  This 
acid  has  affinity  with  the  following  fubftances. 


1.  Pure  lime, 

2.  Pure  ponderous  earth, 

3.  Pure  magnefia, 

4.  Fixed  vegetable  alkali, 

5.  Fixed  mineral  alkali, 

6.  Volatile  alkali 

7.  Zinc, 

8.  Manganefe 

9.  Iron, 

10.  Lead, 

11.  Tin, 


12.  Cobalt, 

13.  Copper, 

14.  Nickel, 

15.  Arfenic, 

16.  Bifmuth, 

17.  Mercury, 

18.  Silver, 

19.  Gold, 

20.  Platina, 

21.  Pure  argillaceous  earth, & 

22.  Water. 


When  animal  fubftances  in  general,  which  have  not  un- 
dergone any  fermentation  or  other  change,  are  diftilled, 
they  firft  yield  a phlegm,  which  is  followed  by  an  oil, 
which  becomes  gradually  thicker,  blacker,  and  empyreu- 
matic ; and  is  accompanied  with  a great  deal  of  volatile 
alkali.  When  nothing  more  can  be  diftilled  over,  there 
remains  a coaly  refiduum  like  that  which  remains  after 
the  diftillation  of  vegetable  fubftances  ; but  it  muft  be 
obferved,  that  from  the  animal  coals  no  fixed  alkali,  or  at 

leaft 
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leaft  an  exceedingly  fmall  quantity  of  it,  can  be  obtained, 
when  they  are  reduced  to  afhes. 

The  bones  of  animals,  by  being  kept  in  vinegar,  or  other 
diluted  acids,  become  very  foft ; but  they  are  entirely  dif- 
foluble  in  ftrong  acids.  Mr.  Neuman,  by  diftilling  two 
ounces  of  ox-bone,  obtained  two  drams  of  empyreumatic 
phlegm,  one  dram  of  volatile  urinous  fpirit,  two  fcruples 
of  volatile  alkali,,  two  fcruples  of  fetid  oil,  and  one  ounce, 
three  drams,  and  two  fcruples  of  rehduum. 

Oil,  whether  of  animal  or  vegetable  fubftances,  is  a 
compound  of  water,  acid,  phlogifton,  and  earth.  It  is 
not  diflbluble  in  water,  or,  at  leaft,  in  an  exceeding  fmall 
degree ; and  is  capable  of  burning  with  a vivid  flame,  at- 
tended with  fmoke  and  foot ; leaving  always  a coaly  refl- 
duum,  which,  as  well  as  the  foot,  is  very  difficultly  de- 
prived of  phlogifton,  and  reduced  into  affies.  Thefe  ele- 
ments of  oils  are  found  by  diftillation  (for  oil  is  volatile, 
though  not  fo  m.uch  as  water)  by  combuftion,  and  other 
means.  By  diftilling  oils  feveral  times  repeatedly,  always 
taking  care  to  feparate  them  from  the  thick  reflduum, 
they  may  be  attenuated  fo  as  to  become  very  light,  tranf- 
parent,  volatile,  and  penetrating.  Befldes  the  adion  of 
fire,  oils  are  alfo  altered  by  expofure  to  the  air,  and  by 
other  circumftances  ; thus  they  become  thick,  rancid', 
empyreumatic.  See.  according  to  their  particular  nature, 
and  the  alteration  they  undergo. 

Acids  in  general,  efpecially  when  ftrong,  have  a con- 

fiderable 
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Uderable  adion  upon  oils ; generally  occafioning  an  ebul- 
lition, heat,  vapours,  a fulphurous  empyreumatic  fmell, 
and  other  elFeds,  which  vary  according  to  the  nature  and 
proportion  of  the  oil  as  well  as  of  the  acid.  The  action  of 
fome  acids  upon  certain  oils  is  fuch,  that  even  a flame  and 
combuftion  of  the  oil  is  occafioned  by  only  mixing  them  ; 
which  is  one  of  the  mofl  ftriking  experiments  in  chymiftry. 
Thus,  if  about  two  drams  of  ftrong  nitrous  and  vitriolic 
acid,  mixed  together,  be  thrown  at  once  upon  about  an 
equal  quantity  of  any  effential  oily^  for  inftance,  oil  of 
cloves,  or  of  turpentine,  contained  in  a large  and  flat 
veffel,  the  mixture  immediately  fwells,  grows  brown, 
emits  fumes,  and  prefently  burfts  into  a, flame,  which  con- 
fumes  great  part  of  the  oil.  ' ‘ bn/;  : 

The  animal  oils,  when  firft  diflilled,  are  very  fetid  ; 
but  by  repeated  diftillations,  they  are  attenuated,  are  ren- 
dered more  clear,  are  deprived  of  their  offenfive  fmell, 
and  are  reckoned  a very  good  medicine  for  various  diC- 
eafes. 

When  vegetable  or  animal  fubftances,  after  having  been 
expofed  to  the  action  of  fire  for  fo  long  a time  as  is 
fufficient  to  deprive  them  of  all  their  volatile  parts,  and 
to  reduce  them  into  a black,  brittle,  and  dry  fub- 
ftance ; they  are  then  faid  to  be  charred,  or  to  be  reduced 
into  charcoal^.  This  fubftance  is  very  fingular  for  its 

various 

* The  charcoal  commonly  ufed  is  made  in  the  following  manner: — Pieces.of 

wood 
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various  properties,  fome  of  wKich.  have  been  very  lately 
difcovered.  It  is  a fign  that  a fubftance  contains  an  oil, 
when  it  can  be  reduced  into  a coal ; thus  mineral  bodies 
cannot  be  charred,  but  they  may  be  reduced  into  a calx 
or  glafs,  which  are  quite  different  things  from  coal. 

A charcoal  contains  the  phlogifton  of  the  decompofed 
oil,  combined  with  the  earth  and  a fmall  portion  of  the 
faline  principle  belonging  to  the  fubftance  from  which  it 
was  made. 

Acids,  alkalies,  air,  water,  or  other  menftruums,  have 
no  power  upon  charcoal ; which,  in  ftiort,  feems  to  be  an 
indeftrudiible  fubftance,  except  it  be  burned  in  the  open 
air,  or  its  phlogifton  is  made  to  pafs  into  other  fubftances 
ready  to  receive  it.  Thus  the  vitriolic  acid  may  acquire 
the  inflammable  principle  from  charcoal,  and  may  form  a 
fulphur  ; metallic  calxes  may  be  revivified  by  acquiring 
the  phlogifton  from  charcoal,  &c. : but  in  thefe  cafes  there 
is  required  the  adlion  of  a ftrong  heat. 

In  clofe  veflels  charcoal  may  be  made  red  hot,  and  may 
be  kept  in  that  ftate  for  any  length  of  time,  without 
being  fenftbly  altered.  But  in  the  open  air  it  burns 
very  eafily,  and  feldom  with  any  fmall  flame ; ^becoming 

wood  are  formed  into  a pile,  which  is  pretty  well  covered  with  earth,  and  they 
are  fet  on  fire.  In  this  manner  they  burn  flowly,  but  without  flame,  or  at  lead: 
very  little ; and  when  they  arc  fufficiently  charred,  more  earth  is  thrown  upon 
the  pile,  which  quite  extinguifties  the  fire,  and  then  the  coals  may  be  removed 
for  ufe. 
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gradually  red  hot,  but  without  any  foot  or  fmoke,  till  it 
is  all  reduced  into  afhes  ‘ 

When  coals  are  burning,  an  elaftic  fluid  proceeds  from 
them,  which  is  exceedingly  pernicious  to  animal  life ; fo 
that  various  bad  accidents  have  been  occafloned  by  burn- 
ing coals  in  places  where  the  air  is  confined.  If  a red- 
hot  charcoal  be  extinguifhed  in  a clofe  veffel,  or  by  im- 
merflng  it  in  quickfllver,  it  acquires  the  property  of  ab- 
forbing  a prodigious  quantity  of  air,  or  of  other  elaftic 
fluids,  whenever  it  is  made  to  touch  them  ; but  of  the 
properties  of  charcoal,  in  regard  to  air  and  other  elaftic 
fluids,  we  fliall  treat  at  large  in  the  courfe  of  this  work. 


CHAP.  XI. 

Of  Fermentation. 

Fermentations  a fpontaneous  inteftlne 
motion  excited  between  the  particles  of  moft  ani- 
mal and  vegetable  fuftances,  which  changes  their  nature, 

* Some  co^s  are  much  eafier  confumed  than  others.  This  difference  is 
fenfible  in  charcoals  of  different  forts  of  wood  but  it  is  very  remarkable  be- 
tween the  coals  of  vegetable  and  thofe  of  animal  fubftances ; it  being  very 
difficult  to  deprive  animal  charcoals  of  all  their  inflammable  principle.  Mr. 
Maquer  fays,  to  have  kept  the  coal  of  bullock’s  blood  in  a fhallow  crucible, 
quite  red  hot,  expofed  to  the  air,  and  continually  ftirred  for  above  fix  hours  j 
and  yet  it  was  not  reduced  into  white  or  even  grey  afhes. 
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and  exhibits  new  compounds  out  of  their  elementary  prin- 
ciples. The  agitation,  decompolition,  &c.  produced  by 
the  mixture  of  fome  mineral  fubftances,  either  with  bo- 
dies of  the  fame  clafs,  or  even  with  certain  animal  or  vege- 
table fubftances,  is  called  effervefcence\  thus  majt,  in  order 
to  make  beer,  muft  ferment ; and  a mixture  of  iron  filings 
and  acid  of  vitriol  effervefces. 

In  order  to  occafion,  or  to  promote  fermentation  in  ge- 
neral, it  is  required,  that  the  vegetable  or  animal  fub- 
ftances contain  a certain  quantity  of  earth,  and  fluid  oil, 
rendered  foluble  in  water  by  the  intervention  of  fome  fa- 
line  matter ; that  they  be  diluted  with  a fuflicient  quan- 
tity of  water  ; that  they  be  kept  in  a temperate  degree 
of  heat,  as  between  forty-five  and  feventy  degrees  of 
Farenheit’s  thermometer;  and  laftly,  that  the  ambient 
air  be  not  quite  excluded  from  them.  , When  vegetable 
or  animal  fubftances  are  put  in  thefe  circumftances ; for 
inftance,  when  grapes,  juft  bruifed,  are  put  together  with 
the  liquor  in  a temperate  degree  of  heat,  they  begin  to 
ferment,  viz.  the  liquor  is  agitated  by  an  inteftine  motion, 
which  is  attended  with  heat,  and  a difeharge  of  an  elaftic 
fluid  This  firft  fermentation  gradually  abates,  and  if 
the  liquor  be  decanted  in  proper  time,  it  will  be  found 
to  be  wine,  which  is  an  agreeable  and  fpirituous  liquor ; 
hence  this  firft  fermentation  is  called  the  vinous  or  fpiri- 
tuous fermentation  ; but  if  this  wine,  either  by  itfelf,  or  to- 

• The  nature  of  this  elaftic  fluid  will  be  examined  in  other  parts  of  this  work. 
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gether  with  the  confiftent  parts  of  the  grapes,  is  kept  in 
circumftances  that  favour  fermentation,  it  will  begin  to 
ferment  anew,  till  it  becomes  acid,  or  vinegar ; and  by  a 
farther  fermentation  the  fubftances  are  putrified  : hence 
the  Chymifts  have  diftingiiilhed  three  fermentations, 
namely,  the  vinous^  the  acetous^  and  the  putrid  fermenta- 
tions. In  regard  to  thefe  different  fermentations,  or  rather 
different  ftates  of  fermentation,  it  has  been  obferved,  that 
all  thofe  fubftances,  which  are  fufceptible  of  the  vinous 
fermentation,  may  afterwards  undergo  the  acetous  and  the 
putrid  fermentation ; that  fome  fubftances  are  not  ca- 
pable of  the  vinous  fermentation,  but  they  begin  with  the 
acetous,  and  then  pafs  to  the  putrid  ; and  laftly,  that  fome 
fubftances  are  capable  of  the  putrid  fermentation  only. 

Having  remarked  above,  that  fermentation  requires  fome 
particular  circumftances  in  order  to  be  effeded,  it  may 
be  eaftly  underftood,  that  the  privation  of  thofe  favourable 
circumftances  hinders  fermentation  ; fuch  are  intenfe  cold, 
want  of  air  and  water,  and  a difproportion  in  the  prin- 
ciples of  the  given  fubftance  5 thus  animal  bodies  may  be 
preferved  from  putrefadion  by  drying,  by  cold,  by  lalt, 
and  other  means ; wine  is  prevented  from  becoming 
vinegar,  by  being  kept  in  a cold  place,  &c. 

Omitting  to  mention  the  refults  of  the  various  animal 
and  vegetable  fermentations,  we  fhall  only  treat  of  the 
fpirit  of  wine,  which  is  a very  ufeful  and  lingular  fub- 
5 fiance. 
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fiance,  and  affords  matter  of  much  fpeculation  for  the  in- 
telligent chymifl. 

Spirit  of  wine^  or  ardent  fpirit^  is  a very  thin,  very  vo- 
latile, and  colourlefs  fluid,  of  a ftrong  penetrating  fmell 
and  tafte,  which  by  means  of  diflillation  can  be  ob- 
tained from  all  thofe  fubftances  which  have  undergone 
the  vinous  fermentation,  as  wine,  beer,  &c.  When  the 
fubftances,  from  which  the  fpirit  of  wine  is  to  be  extradled, 
are  diftilled,  the  fpirit  generally  comes  over  with  much 
watery  fluid,  from  which  it  may  be  feparated  by  repeated 
diftillations;  viz.  by  putting  the  fpirit  obtained  by  the  firfl 
diflillation,  into  the  diftil  by  itfelf,  and  drawing  over 
only  a part  of  it,  which  will  be  found  to  be  much  purer ; 
and  which,  by  a flmilar  procefs,  may  be  purified  flill 
farther ; or,  as  it  is  commonly  faid,  may  be  reSiified, 

Spirit  of  wine  is  eaflly  inflamed  without  being  pre- 
vioufly  heated.  In  the  open  air  it  burns  with  a weak 
flame,  which  does  not  occaflon  any  fmoke  or  foot,  and 
when  the  fpirit  is  fufliciently  pure  it  burns  entirely,  with- 
out leaving  any  reflduum. 

Boerhaave  and  Juncker  affirm,  that  if  fpirit  of  wine 
be  burned  in  proper  veffels  capable  to  collect  its  vapours 
whilft  burning,  thefe  vapours  will  be  found  to  be  nothing 
but  pure  water  ; hence  it  appears,  that  fpirit  of  wine  con- 
tains a conflderable  quantity  of  water  joined  to  the  in- 
flammable principle,  and  perhaps  to  fome  other  fubftance 
befldes. 

R 2 
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Spirit  of  wine  has  no  fenhble  adion  upon  earths,  or 
upon  metallic  matters  ; but  in  general  it  diflblves  faline 
fubflances ; excepting,  however,  moft  of  the  neutral  falts. 
Some  accurate  experiments  of  Mr.  Macquer,  which  deter- 
mine the  quantity  of  various  falts  that  can  be  diffolved  in 
fpirit  of  wine,  and  the  appearance  of  its  flame  when  dif- 
ferent falts  are  diffolved  in  it,  are  publifhed  in  the  Me- 
moirs of  the  Academy  of  Turin.  The  principal  re- 
fults  of  thofe  experiments  are  exhibited  in  the  following 
table 

Quantity  Saks  folub’e  in  288  grains  Appearances  of  the  flame, 

ot  grains.  or  Ipirit  or  wine.  ‘ 


0 

Vitriolated  tartar, 

None. 

4 

Nitre,  — — 

\ 

Flame  larger,  higher,  more 
ardent,  yellow,  and  lumi- 
nous. 

. 5 

Salt  of  Sylvius,  — 

Large,  ardent,  yellow,'  and 
luminous. 

0 

Glauber’s  fait,  — 

Conhderably  red. 

15 

Cubic  nitre,  — 

Yellow,  luminous,  detonat- 
ing. 

0 

Common  fait,  — 

Larger,  more  ardent,  and 
reddifh. 

0 

Vitriolic  ammoniac, 

None. 

108 

Nitrous  ammoniac. 

Whiter,  and  more  luminous. 

* When  in  the  table  is  found  that  the  flame  of  the  fpirit  has  fuch  or  fuch 
other  appearance,  when  the  fpirit  does  not  diflblve  any  quantity  of  the  mentioned 
fait,  it  muft  be  underftood,  that  the  fpirit  has  been  upon  the  fait,  and  afterwards 
has  been  filtrated,  and  then  fet  on  fire.  24  Sal 
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Qiiantity  Salts  foluble  in  288  grains 
of  grains.  of  fpirit  of  wine. 

Appearances  of  the  flame. 

24 

Sal  ammoniac,  — 

None. 

0 

Selenites,  — 

None. 

288 

Nitre  with  calcare- 

Larger, more  luminous,  red. 

ous  balls,  — 

and  decrepitating. 

288 

Marine  fait  with  cal- 

Like that  of  the  calcareous 

careous  balls,  — 

nitre. 

0 

Vitriol  of  lllver, 

None. 

84 

Nitre  of  lllver. 

0 

Luna  cornea,  — 

None* 

0 

Vitriol  of  mercury. 

None. 

0 

Nitre  of  mercury,  — ' 

None. 

204 

Corrollve  fublimate. 

Large,  yellow,  luminous,  and 
decrepitating. 

0 

Martial  vitriol,  — 

None. 

4* 

Martial  nitre,  — 

Red,  and  decrepitating. 

Martial  marine  fait, 

More  white,  luminous,  and 
fparkling. 

0 

Vitriol  of  copper,  — 

None. 

48 

Cupreous  nitre. 

More  white,  luminous,  and 
green  ; much  fmoke.  The 
faline  rellduum  became 
black  and  burnt. 

48- 

Cupreous  marine  fait. 

Fine  green,  white,  and  red 
fulgurations. 

* Thcfe  4 grains  were  an  acid  matter.  This  fait  could  not  be  dried  without 
decompofition. 

7 Spirit 
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Spirit  of  wine  diffolves  elTential  oils  and  their  concre- 
tions, as  balfams,  relins,  &c.  for  which  reafon  it  is  of 
great  ufe  to  extract  the  effential  oils  in  the  analyiis  of  ve- 
getables ; but  it  has  no  adlion  upon  fat  oils,  or  the  oily 
concretions  analogous  to  them,  as  wax,  butter,  &c. ; nei- 
ther does  it  diffolve  copal  and  bituminous  fubftances. 

Spirit  of  wine  may  be  mixed  with  water  in  any  propor- 
'tion  ; there  being  a confiderable  affinity  between  thofe 
two  fubftances.  It  is  owing  to  this  property,  that  fpirit 
of  wine  coagulates  the  whites  of  eggs,  and  the  animal 
lym  ph;  that  it  preferves  matters  from  putrefaction  ; and 
that  falts  are  inftantaneoufly  cryftallized  when  fpirit  of 
wine  is  added  to  their  folution  in  water.  The  mixture 
of  fpirit  of  wine  and  water  is  attended  with  a very  re- 
markable phenomenon.  This  is  a diminution  of  the  quan- 
tity of  the  ingredients ; thus,  if  fifty  ounces  meafure  of 
water  are  added  to  an  equal  quantity  of  fpirit  of  wine,  the 
mixture  will  be  found  to  be  ninety-eight  ounces ; hence, 
if  a meafure  of  fpirit  of  wine  weighing,  for  inftance,  three 
ounces,  be  mixed  with  one  meafure  of  water,  weighing 
four  ounces ; afterwards  one  meafure  of  the  mixture, 
which  might  be  expected  to  weigh  three  ounces  and  a 
half,  will  be  found  to  be  fomewhat  heavier  than  three 
ounces  and  a half ; that  is,  the  denfity  of  the  mixture 
will  be  found  to  be  increafed  above  what  might  be  ex- 
pected by  reafoning  upon  fimple  mechanical  principles. 
This  increafe  of  denfity  varies  according  to  the  different 

proportions 


An  IntroduEiion  to  Chymijlry,  127 

proportions  of  the  two  ingredients ; and  as  it  is  of  fome 
importance  in  philofophy,  as  well  as  in  oeconomy,  to 
know  the  real  quantity  of  pure  fpirit  contained  in  a given 
quantity  of  adulterated  fpirit  of  wine,  I fhall  fubjoin  a 
table,  which  fliows  at  one  view  the  quantity  of  water,  and 
of  pure  fpirit,  contained  in  adulterated  fpirit,  as  brandy, 
rum,  &c.  when  its  fpecific  gravity  is  accurately  known. 
Thus,  for  inftance,  if  we  find  upon  trial,  that  the  fpecific 
gravity  of  the  impure  fpirit  is  to  the  fpecific  gravity  of 
pure  water  in  the  proportion  of  nine  hundred  forty-two 
and  a half  to  one  thoufand,  we  know,  by  the  table,  that 
this  liquor  contains  equal  parts  of  pure  fpirit  and  water  ; 
and  that  it  contains  only  three  parts  of  pure  fpirit,  and 
thirteen  parts  of  water,  when  its  fpecific  gravity  is  to  the 
fpecific  gravity  of  water  as  nine  hundred  and  feventy-nine 
to  one  thoufand. 


Spirit  of  wine. 


Water. 


Specific  gravity. 


16  parts. 

0 parts. 

837 

15 

I 

852i 

2 

8671 

13 

3 

• 881^ 

1 2 

4 

8944: 

1 1 

5 

9074. 

10 

6 

9194. 

9 

7 

93IT 

8 

8 

942^ 

7 parts. 
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Spirit  of  wine. 

Water. 

Specific  g 

7 parts. 

9 parts. 

6 ' 

lO 

959f 

5 

1 1 

967^ 

12 

973t 

3 

13 

979 

2 

14 

985 

I 

15 

• 99It 

O 

16 

1000 

Alkalies,  efpecially  when  they  are  very  ftrong  and  de- 
phlegmated,  have  a very  confiderable  adlion  upon  fpirit  of 
wine,  even  decompohng  it  when  aflifted  by  a proper  degree 
of  heat.  They  firft  deprive  it  of  its  fuperabundant  water, 
and  laftly,  reduce  it  into  the  ftate  of  a true  oil. 

Acids  of  every  fort  may  be  combined  with  fpirit  of 
wine ; by  which  combination  the  acids  as  well  as  the 
fpirit  fuffer  confiderable  alterations.  When  the  mixture 
of  acid  and  , fpirit  of  wine  is  diftilled,  a portion  of  much 
dephlegmated  fpirit  is  firft  obtained  ; then  a thinner  fluid 
comes  over,  called  ether^  which  is  different  from  fpirit  of 
wine,  for  feveral  peculiar  properties,  to  be  mentioned  pre- 
fently ; and  laftly,  a real  oil  is  diftilled. 

Ether  acquires  different  appellations  from  the  different 
acids  which  have  been  employed  in  making  it,  as  vitriolic 
ether^  nitrous  ether^  inarine  ether^  &c.  Its  principal  pro- 
perties are  the  following : — It  is  a tranfparent,  colourlefs 

fluid, 
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fluid,  much  lighter  than  any  other  known  viflble  fluid ; 
its  fmell  is  much  more  penetrating  than  fpirit  of  wine  ; it 
is  alfo  much  more  volatile  and  more  inflammable  than 
fpirit  of  wine,  but  its  flame  is  attended  with  a little  flight 
fmoke  or  foot. 

Ether  is  not  mifcible  with  water,  except  in  a very  fmall 
degree,  as  about  one  part  of  ether  may  be  diflblved  in  ten 
parts  of  water,  and  even  that  is  flowly  and  difflcultly  ef- 
fected. On  account  of  thefe  properties,  ether  feems  to  be 
a fubftance  exaCtly  intermediate  between  ardent  fpirits 
and  oils. 

Ether,  like  other  thin  and  volatile  inflammable  matters, 
a-Cts  powerfully  on  the  nerves,  for  which  reafon  it  has 
been  often  ufed  in  medicine  as  a fedative  and  antifpafmo- 
dic.  It  poflefles  the  diflblving  property  in  a more  emi- 
nent degree  than  fpirit  of  wine.  The  vitriolic  ether,  efpe- 
cially,  diflblves  all  eflential  and  exprefled  oils,  animal  em- 
pyreumatic  oils,  reflns,  and  in  great  meafure  even  amber- 
grife,  elaftic  gum  or  caoutchouc^  petroleum,  and  oil  of  am- 
ber, Ether  is  very  ufeful  to,  take  off  fpots  of  greafe  from 
fllks,  as  it  does  not  injure  their  colours. 

Ethers  forrned  with  different  acids  have  fome  proper- 
ties peculiar  to  each,  which  principally  relate  to  their  co- 
lour, ftrength,  and  fmell ; the  proceffes  for  making  them 

* Ether  is  fo  very  volatile,  that  when  it  is  put  under  the  receiver  of  an  air- 
pump,  and  the  air  is  exhaufted,  it  expands  almoft  inftantaneoufly  into  an  in- 
vifible  fluid,  which  by  prelTure  may  be  again  reduced  into  ether. 
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are  alfo  different ; but  for  a particular  account  of  them 
the  reader  mufl;  confult  the  writings  of  chymical  authors, 
efpecially  Mr.  Macquer’s  Dictionary  of  Chymiftry. 


CHAP.  XII. 

Defcription  of  a Chymkal  Laboratory^  and  of  Chy7nical 

Operations. 

CHYMISTRY  being  a fcience,  which  by  aCtual 
experiments  examines  the  nature,  properties,  and 
components  of  various  fubflances  ; and  forms  new  com- 
pounds out  of  divers  principles ; it  does  neceffarily  require 
a fet  of  proper  inftruments,  and  of  various  fubftances,  the 
ufe  of  which  occurs  more  frequently  in  chymical  opera- 
tions. It  is  alfo  requifite  that  thofe  inftruments,  &c.  be 
kept  in  a convenient  place,  called  a Laboratory,  where  the 
various  required  proceffes  may  be  carried  on,  and  where 
“the  effects  of  fome  operations  may  not  occafion  any  dif- 
aorreeable  accident,  as  would  more  often  be  the  cafe,  if 
they  were  conducted  in  a clofe'  room  of  a private  apart- 
ment. ^ In  this  chapter  we  ftiall  only  give  a fummary  ac- 
count of  fuch  an  apparatus,  and  its  ufe,  as  is  juft  fuffici- 
ent  for  a philofophical  chymift,  who  does  'not  require  to 
2 make 
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make  any  large  operations,  fuch  as  are  neceflary  for  com- 
merce. 

The  Laboratory  fhould  be  a room  fufficiently  large, 
and  rather  dry  and  airy.  It  fhould  have  windows  at  op- 
pofite  fides,  which  might  be  eafily  opened,  in  order  to 
ventilate  it,  and  to  expel  any  offenfive  effluvia,  which  in 
fome  procefTes,  and  efpecially  by  unforefeen  accidents,  are 
often  thrown  about  the  laboratory.  It  fhould  alfo  have 
a pipe  of  water  very  near,  for  the  convenience  of  wafhing, 
&c.  and  a place  wherein  ufelefs  matters  may  be  thrown. 

A fufflciently  large  chimney  muft  be  conftrudled  in  the 
laboratory,  under  which  two  or  three  furnaces  muft  be 
built,  a couple  of  ovens,  and  a place  muft  be  left  befldes 
where  portable  furnaces  may  be  occafionally  placed  ; the 
chimney  therefore  fhould  be  confiderably  extenfive.  In 
fome  laboratories  the  chimney  reaches  from  one  wall  to 
another. 

It  is  neceffary  to  keep  a wide  open  box  filled  with  dry 
fand,  in  which  hot  veffels,  or  fuch  vefTels  as  have  a round 
bottom,  may  be  placed.  In  fome  laboratories  there  is  a 
place  built  on  purpofe  to  keep  the  fand.  The  furnaces 
principally  neceffary,  fome  of  which  muft  be  built  under 
the  chimney  mentioned  above,  are  the  following : 

The  fimple  furnace y which  is  a kind  of  hollow  cylinder, 
having  an  iron  grate  horizontally  acrofs  the  middle,  upon 
which  the  fire  is  made ; and  two  openings,  viz.  one  be- 
low the  grate,  called  the  door  of  the  afh-hole^  and  the  other 

S 2 above 


132  IntroduSiion  to  Chymijlry, 

above  the  grate,  called  the  door  of  the  fire-place^  through- 
which,  when  any  veflel  is  upon  the  furnace,  the  coals  muft 
be  introduced  ; and  alfo  a poker  to  ftir  the  fire,  if  re- 
quired. This  furnace  is  very  ufeful  for  diftillations,  de- 
codtions,  &c. 

The  lamp  furnace^  which  is  nearly  fimilar  to  that  de- 
fcribed  above ; but  it  has  no  afii-hole  nor  grate,  for  here 
the  heat  is  only  maintained  by  a lamp,  which  is  intro- 
duced through  an  opening  below.  A fmall  kind  of  chim- 
ney is  made  laterally  in  the  upper  part  of  the  furnace,  fo 
as  to  let  the  air  circulate,  and  to  keep  the  lamp  burning. 
This  furnace  is  of  great  ufe  when  a gentle  heat  is  only  re- 
quired, particularly  becaufe  the  lamp  can  burn  for  a long 
time  without  any  afilftance. 

The  reverberatory  furnace  is  thus  defcribed  by  Mr, 
Macquer  : ‘‘Is  the  fimple  furnace^  the  fire-place  of 
“ which  is  covered  with  a piece  of  the  fame  diameter 
“ and  form  as  the  furnace,  which  is  generally  cylindrical. 
“ This  piece  is  eroded  in  its  lower  part  by  two  bars  of 
“ iron  placed  horizontally,  and  parallel  to  each  other,  and 
“ at  its  upper  edge  it  has  a femi-circular  cut.  This  piece 
“ confequently  forms  a third  cavity,  which  is  called  the 
“ -Laboratory^  becaufe  it  is  intended  to  receive  the  retorts 
“ containing  the  matter  to  be  diftilled.  The  femi-cir- 
“ cular  cut  is  made  to  give  padage  to  the  neck  of  the  re- 
“ tort,  which  ought  to  be  inclined  at  an  angle  of  forty- 
“ five  degrees.  The  ufe  of  the  two  bars  at  the  bottom  of 

“ the 
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^ the  laboratory  is  to  fupport  the  vefTel  placed  there. 
“ Above  the  piece  we  have  now  defcribed,  is  a fourth 
“ piece  placed,  the  form  of  which  is  that  of  a fpherical  cap, 
“ or  of  an  inverted  dome  : it  is  accordingly  called  the 
“ dome.  This  dome  has  an  equal  diameter  to  the  other 
“ piece  to  which  it  is  to  be  fitted  ; and  in  its  lower  edge 
“ it  has  a femi-circular  cut,  which  correfponds  with  the 
“ fimilar  cut  of  the  lower  piece  ; and  thefe  together  form 
a circular  opening : the  dome  has  in  its  top  another 
“ opening  or  fhort  tube,  through  which  the  air  contained 
in  the  furnace  paffes,  and  is  a kind  of  chimney. 

“The  ufe  of  the  dome  is  to  keep  up  the  heat  all  around 
“ the  retort  which  is  placed  in  the. furnace,  and  to  apply 
“ a certain  degreee  of  heat  to  the  upper  part  or  vault  of 
“ the  retort,  by  reflecting,  or  reverberating  it : hence  it  is 
“ called  a reverberatory.  By  this  difpofition  the  vapours 
“ which  rife  in  the  retort  are  determined  more  eflicaci- 
“ oufly  to  pafs  through  its  neck.  We  may  judge,  after 
“ this  defcription,  that  reverberatory  furnaces  are  only 
“ ufed  for  diftillations  with  a retort,  in  which  a certain 
“ degree  of  heat  is  necelTary.” 

The  melting  furnace^  fo  called  from  its  being  ufeful  to 
melt  metals,  is  fo  conflrudled,  that  a flrong  current  of  air 
paflTes  conftantly  through  the  fire-place,  confequently  the 
fire  is  increafed  to  a great  degree.  To  this  efledl  the  ca- 
vity of  the  furnace  under  the  grate  is  made  rather  conical, 
the  fmallefl  part  being  uppermoft,  and  next  to  the  grate. 

This 
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This  furnace  is  only  open  at  the  top,  through  which 
opening,  coals  and  crucibles  are  introduced;  and  it  com- 
municates with  the  chimney  tranfverfely. 

A ftronger  fire,  when  required,  muft  be  afiifted  by  a 
double  bellows,  a large  pair  of  which  fhould  always  be 
found  in  a laboratory. 

The  other  inftruments,  befides  furnaces,  are  the  follow- 
ing, viz.  Alembics^  either  of  glafs  or  of  copper;  and  retorts^ 
which  are  made  of  iron-earth,  but  more  commonly  of  glafs; 
which  alembics  and  retorts  ferve  for  diftillations. 

Glafs  bodies^  or  receivers^  which  ferve  to  receive  the  pro- 
duce of  diftillations,  'and  to  cool  heated  liquors. 

Crucibles^  which  are  earthen  veftels,  reprefenting  the  in- 
verted fruftrum  of  a cone.  The  form,  and  moftly  the  fize 
"of  thefe  vefifels  vary  according  to  the  different  ufes  for 
which  they  are  to  be  employed,  that  is  for  melting  metals, 
purifying,  calcining  them,  reducing  their  calxes.  See. 

Open  vffelsj  and  bottles  of  various  fizes  and  forms,  for 
digeftions,  mixtures,  diffolutions,  for  preferving  various 
fubftances.  Sec. 

Funnels  of  glafs  and  of  tin,  for  decanting  and  filtrating 
liquors. 

Glafs  tubes,  fpatulas,  tongs,  paper  not  fized,  for  filtra- 
tions,  a portable  pair  of  bellows,  exaeft  fcales  for  weighing, 
tables,  ftands,  a good  fteel  for  ftriking  fire,  and  for  trying 
the  hardnefs  of  certain  fubftances,  a magnet,  and  various 
other  articles  which  a ftiort  experience  will  foon  fuggeft. 

Befides 
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Befides  the  inftruments,  the  laboratory  Hiould  be  fur- 
nirhed  with  various  fubftances  and  preparations,  which,  by 
being  daily  ufed,  may  be  confidered  as  inftruments.  Such 
are  the  three  mineral  acids,  viz.  the  vitriolic,  the  nitrous, 
and  the  marine  acid.  Some  good  diftilled  vinegar.  Alkaline 
falts,  and  oil  of  tartar.  Some  dry  and  fome  liquid  liver 
of  fulphur,  kept  in  well-clofed  bottles.  Quicklime,  and 
lime-water,  alfo  kept  in  well-clofed  bottles.  Spirit  of  wine 
well  rectified.  Oil  of  turpentine.  Metals  and  femi-me- 
tals  of  every  fort.  Common  fait.  Oil  of  olives.  Soap: 
and  other  articles  of  the  like  fort. 

As  the  limits  of  this  Introduction  do  not  allow  me  to 
expatiate  upon  the  ufe  of  the  various  chymical  inftru- 
ments, and  the  manner  of  conducting  the  operations  in 
general ; I fhall  only  defcribe  the  ufe  of  retorts  for  diftil- 
lations,  becaufe  they  are  of  great  ufe  in  the  fubjeCt  of 
elaftic  fluids,  which  is  the  principal  objeCt  of  this  work. 
As  for  the  other  chymical  operations,  the  reader  may  find 
fufflcient  inftruCtions  in  various  books  of  chymiftry. 

Fig.  the  firft  of  plate  I.  reprefents  a retort,  the  part  of 
which.  A,  B,  C,  is  called  the  body  of  the  retort,  into  which 
the  materials  to  be  diftilled  are  put,  through  the  open- 
ing E of  the  neck  D,  which  is  the  only  opening  of  the 
retort.  The  neck  D is  always  bent,  in  the  manner  re- 
prefented  by  the  figure  ; from  which  curvature  the  inftru- 
ment  derives  its  name. 

Now,  ^hen  any  fubftances  are  to  be  diftilled  with  the 

retort, 
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TCtort,  the  ingredients  are  put  in  through  the  opening 
'E,  till  they  fill  about  half  the  body  of  the  retort ; after- 
^vards  a receiver  is  adapted  to  the  neck  of  the  retort,  in  the 
manner  reprefented  in  fig.  2,  and  then  the  inftrunient  is 
ready  to  be  put  over  the  fire.  The  neck  R of  the  receiver 
G,  is  fometimes  fitted  fo  well  to  the  neck  of  the  retort, 
that  it  is  not  necefiary  to  put  any  thing  elfe  to  it  in  order 
to  hinder  the  diffipation  of  vapours  ; but  if  it  fhould  not 
fit  fo  well,  then  moiftened  rags,  cotton,  clay,  or  fome  other 
fimilar  thing,  may  be  put  round  the  jundure.  H is  a fmall 
hole,  through  which  the  fiuid  diftilled  may  be  taken  out 
tjf  the  receiver,  and  which,  efpecially  when  the  jundture 
K of  the  two  necks  is  very  well  clofed,  muft  be  frequently 
'opened  in  order  to  promote  the  diftillation  ; for  when  the 
accefs  of  the  ambient  air  is  accurately  excluded,  the  diftil- 
lation cannot  be  performed.  The  fire  that  is  adapted  to 
the  retort  muft  be  different,  according  to  the  different  na- 
ture and  volatility  of  the  matters  that  are  diftilled.  Some- 
times the  heat  of  a lamp  is  fufticient ; at  other  times  the 
retort,  if  made  of  glafs,  is  luted  all  round  the  body  with 
foft  clay,  or  other  fuch-like  lutum,  and  is  put  upon  a 
pretty  ftrong  fire  ; and  fometimes  the  whole  body  of  the 
retort,  and  alfo  part  of  its  neck,  are  furrounded  with  burn- 
ing coals  into  a reverberatory  furnace.  In  this  cafe  only 
iron  or  earthen  retorts  are  ufed.  In  general,  for  common 
diftillations,  a pan  filled  with  dry  fand,  called  fand bath^  is 
put  upon  the  fire,  and  the  bottom  of  the  glafs  retort  is 
3 placed 
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placed  in  it,  fo  that  the  body  of  the  retort  may  be  fur- 
rounded  with  fand  as  high  as  A B. 

The  receiver  G fhould  be  defended  as  much  as  poffible 
from  the  heat  of  the  fire,  and  it  fhould  be  fupported  by  a 
proper  Band  I,  over  which  fomethin^  foft  is  placed,  as  a 
mat,  a piece  of  cloth,  a hollow  circular  cufhion,  or  the 
like. 

Now  when  the  heat  begins  to  be  communicated  to  the 
matter  contained  in  the  body  A,  B,  C,  of  the  retort,  the 
vapours,  confiding  of  the  more  volatile  and  fpirituous  fub- 
dances,  afcend  as  high  as  the  top  F of  the  retort,  where 
they  are  determined  along  the  neck  D,  into  the  receiver 
G ; but  as  the  neck  D,  and  receiver,  are  much  colder  than 
the  body  of  the  retort,  thefe  vapours  are  condenfed  in  their 
padage,  and  drop  from  the  neck  of  the  retort  into  the  re- 
ceiver, wherein  they  appear  in  the  form  of  a fluid. 

Having  already  defcribed  the  principal  chymical  pro^ 
perties  of  natural  bodies,  and  the  changes  they  undergo 
in  various  circumdances,  the  ingenious  reader  will,  per- 
haps, be  capable  to  perform  by  himfelf  feveral  experi- 
ments without  any  farther  more  particular  indrudlions, 
efpecially  if  he  will  take  the  trouble  to  perform  fome  of 
the  procelTes  to  be  defcribed  in  the  next  chapter,  which 
will  be  related  with  all  the  necefl'ary  circumdances. 

Suppofe,  for  indance,  that  it  was  required  to  examine 
the  heterogeneous  fubdances  contained  in  any  mineral  wa- 
ter, whofe  nature  is  unknown.  Fird,  by  evaporation,  one 
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may  eafily  know  if  it  contains  any  falts  or  earthy  par- 
ticles ; for  thefe  will  remain  in  the  vefTel  when  the  wa- 
ter is  evaporated.  By  the  tafle  it  may  be  known  whether 
it  contains  any  confiderable  quantity  of  acid ; but  if  the 
portion  of  acid  fufpedled  to  exifi:  in  that  water  is  very 
fmall,  fo  as  not  to  be  difcerned  by  the  tafte,  then  other 
means  Ihould  be  ufed.  Now  if  we  read  over  the  proper- 
ties of  acids  in  general,  given  in  the  preceding  chapters, 
we  find  that  a fmall  portion  of  acid  is  capable  of  turning 
into  red  the  blue  tincture  of  flowers  ; hence,  diffolving  a 
fmall  quantity  of  extract  of  heliotropium,  or  other  blue  ve- 
getable extract,  in  diftilled  water,  and  throwing  this  folu- 
tion  into  the  mineral  water,  will  foon  fhew  if  any  acid  is^ 
contained  in  it,  as  it  was  fufpedled  ; for  in  that  cafe,  the 
water  will  aflume  a reddifh  appearance.  In  the  fame 
manner  one  may  find  out  any  other  matter  contained  in 
that  water,  viz.  by  carefully  confidering  the  properties  of 
the  fufpeded  fubftances,  and  devifing  proper  methods  to 
manifefl:  their  prefence. 

Before  we  conclude  this  chapter,  the  reader  fhould  be 
cautioned  not  to  be  furprifed  if  he  fails  in  performing  any 
experiment,  either  defcribed  at  length  in  this  Introduction, 
or  deducible  from  the  mentioned  properties  of  natural  bo- 
dies ; the  circumftances  concurring  to  the  fuccefs  of  any 
experiment  in  chymiflry,  being  fo  many,  that  they  can 
hardly  be  minded  by  the  moft  experienced  praClitionei, 
and  may  therefore  more  eafily  efcape  the  notice  of  a be- 
ginner* 
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ginner.  Miftakes  and  perfeverance  will  warn  the  experi- 
mental philofopher  againft  many  ufelefs  and  dangerous 
pradlices,  and  will  gradually  enable  him  to  examine  the 
powers  of  nature,  and  to  perform  the  experiments  with 
dexterity  and  precifion. 


CHAP.  XIII. 

Containing  various  Chymical  Procejfes, 

This  introduction  being  intended  as  a neceflary 
preliminary  to  the  fubjeCt  of  air,  and  other  perma- 
nently elaftic  fluids,  the  prefent  chapter  contains  the  de- 
tail of  proceffes  and  experiments  moflly  fubfervient  to 
that  interefting  branch  of  natural  philofophy  : there  are 
added,  however,  a few  others,  which,  although  not  imme- 
diately relating  to  that  fubjeCl,  are  yet  moflly  new  and  di- 
verting ; for  which  reafon  they  were  thought  deferving 
the  attention  of  the  reader, 

1.  "To  make  Lime-water, 

Diffolve  fome  pure  and  frefh  quicklime  in  diflilled  wa- 
ter. Let  part  of  this  folution  be  filtrated  through  unfized 
paper,  and  keep  it  for  ufe  in  well-corked  bottles.  It  is  a 
property  of  lime-water  to  become  turbid,  and  to  depofit 

T 2 the 
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the  lime  in  form  of  calcareous  earth,  when  a particular 
fort  of  elaftic  fluid  comes  into  contact  with  it ; for  which 
reafon  it  is  of  great  ufe  to  difcover  the  prefence  of  that 
^elaftic  fluid  in  various  cafes. 

II.  *To  make  Liver  of  Sulphur, 

Let  equal  parts  of  fixed  alkali  and  fulphur  be  melted  in 
a crucible  over  the  fire.  This  fufion  fliould  be  made 
rather  quick,  in  order  to  avoid  the  dilfipation  of  the  ful- 
phur ; but  yet  the  fire  needs  not  be  very  firong,  becaufe 
as  foon  as  the  fulphur  is  melted,  it  facilitates  the  fufion  of 
the  alkali.  When  the  mixture  is  perfectly  fufed,  let  it  be 
poured  upon  a greafed  marble  ftone,  where  it  will  foon 
congeal,  and  acquire  a brownifh  colour.  Then  it  muft  be 
broken  in  pieces,  and  mufl:  be  put  in  a bottle  whilft  yet 
hot.  As  the  liver  of  fulphur  imbibes  the  moifture  from 
the  air,  -the  bottle  fliould  be  accurately  flopped,  if  it  is 
required  to  preferve  it  dry. 

Liver  of  fulphur,  in  the  humid  way,  may  be  made  in 
the  following  manner : — Let  flowers  of  fulphur  and  con- 
crete liquid  fixed  alkali  be  boiled  together,  till  the  alkali 
has  diflolved  as  much  fulphur  as  it  can.  Then  let  the 
liquor  be  filtrated  and  evaporated,  &c. 
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IIL  To  inflame  Regains  of  Antimony  hy  means  of  Aqua’-regia. 

Let  a common  vial,  fuch  as  apothecaries  more  com- 
monly ufe,  be  about  half  filled  with  aqua-regia,  made 
with  four  parts  of  nitrous  and  one  part  of  marine  acid. 
Thefe  acids  fhould  be  very  ftrong.  Then  take  powdered 
regulus  of  antimony,  and  drop  it  gradually  upon  the  aqua- 
regia  ; keeping  the  hand  that  holds  the  powder  a few 
inches  above  the  vial.  It  will  be  found  that  the  particles 
of  regulus  take  fire,  and  fparkle  like  a flint  and  fteel,  be- 
fore they  touch  the  furface  of  the  aqua-regia,  viz,  by  only 
pafling  through  its  vapours.' 


IV.  To  mahe  Hemberg’j  Pyrophorus* 

Mix  together  one  part  of  fugar  and  three  parts  of  alum  j 
and  let  this  mixture  be  melted  and  dried  in  an  iron  fhovel 
over  the  fire,  till  it  becomes  a dark  brown  or  blackifh 
powder.  In  this  operation  it  muft  be  often  ftirred  with 
an  iron  fpatula.  Any  large  pieces  of  this  coaly  matter 
muft  be  bruifed  into  a powder,  and  then  muft  be  put  into 
a glafs  matrafs  * or  vial,  having -a  long  neck,  and  rather 
narrow  than  large.  This  matrafs  muft  then  be  placed 
in  a crucible,  or  other  earthen  veflel,  large  enough  to  con- 

* A matrafs  in  Chymiftry  fignifies  a veflel  nearly  in  the  lhape  of  a common 
vial  i although  their  form  is  not  conftant. 
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tain  the  body  of  the  matrafs,  and  about  half  an  inch  be- 
fldes  all  round  it,  which  fpace  is  to  be  filled  with  dry 
fand.  This  apparatus  mufl;  then  be  put  into  the  fire, 
which  muft  be  raifed  gradually,  till  the  whole  becomes  red 
hot,  in  which  ftate  it  muft  be  kept  for  about  one  hour, 
or  till  a quarter  of  an  hour  after  that  a weak  fulphurous 
flame  has  begun  to  appear  at  the  mouth  of  the  matrafs. 
The  apparatus  is  then  to  be  removed  from  the  fire,  and 
the  moment  that  it  lofes  its  rednefs,  the  mouth  of  the 
matrafs  muft  be  flopped  with  a cork,  and  when  the  whole 
;is  fufliciently,  though  not  quite  cold,  the  matrafs  muft  be 
taken  out  of  the  crucible,  and  the  pyrophorus  it  contains, 
which  is  a blackifh,  moftly  granulated  powder,  muft  be 
decanted  into  a dry  phial,  which  muft  afterwards  be  kept 
exactly  flopped,  in  order  to  preferve  the  pyrophorus  for  a 
long  time.  The  principal  properties  of  this  fubftance  are 
the  following  : — As  foon  as  a fmall  quantity  (fometimes  a 
few  grains  of  it  are  enough)  of  it  is  expofed  to  the  open 
air,  it  quickly  becomes  red  hot,  and  is  capable  of  fetting 
fire  to  paper,  tinder,  &c.  If  the  air,  and  the  fubftance 
upon  which  the  pyrophorus  is  dropped,  are  very  dry,  the 
accenfion  is  flowly,  and  fometimes  not  at  all  effecfted  ; but 
it  may  be  promoted  by  breathing  upon  it ; which  fhows, 
that  the  pyrophorus  requires  moifture  as  well  as  the  pre- 
fence of  air,  in  order  to  take  fire.  If  the  bottle  is  not 
clofed  very  well,  the  pyrophorus  will  imbibe  the  moifture 
by  fmall  degrees,  fo  as  to  lofe  its  burning  property  in  a 
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(liort  time.  After  combuftion,  the  pyrophorus,  or  rather 
its  afhes,  will  be  found  to  be  increafed  in  weight.  Al- 
though alum  and  fugar  were  direded  above  to  be  ufed  for 
making  the  pyrophorus,  yet  it  may  be  made  with  other 
matters,  though  perhaps  not  fo  well,  nor  with  fo  much 
certainty  ; for  the  neceflary  and  principal  ingredients  are 
the  vitriolic  acid  and  phlogifton  ; hence  it  may  be  made 
with  any  vitriolic  fait  behdes  alum,  and  almoft  any  other 
fubftance  capable  of  furnifhing  the  inflammable  principle,  , 
befldes  fugan. 

V.  Dr.  Hi  COIN  s’ j Experiment  of  detonating  cupreous  Nitre ' 

by  contaB  with  T’in, 

This  experiment,  fhewing  the  violent  adion  of  the  ni- 
trous acid  upon  tin,  fufHcient  to  occaflon  a detonation, 
is  thus  defcribed  in  the  flxty-third  volume  of  the  Philo- 
fophical  Tranfadions. 

“ Several  pieces  of  thin  fbeet  copper,  placed  vertically, 
“ and  at  a fmall  diftance  from  each  other,  in  the  ftrong 
“ nitrous  acid,  diluted  with  half  its  quantity  or  more  of 
“ water,  and  fuflered  to  remain  in  a clofe  veflel  until  the 
“ acid  is  faturated,  afford  a cryftafline  bluifli  green  fait, 
“ which  is  to  be  feparated  from  the  undiflblved  and  the 
“ fuperfluent  green  liquor,  and  kept  in  a well-corked . 
“ bottle  ; becaufe,  on  expofure  to  air,  it  deliquefces. 

This  fait  taken  moift,  but  not  very  wet,  and  beaten  ^ 
5 “ to 
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to  the  finenefs  of  bafket  fea-falt,  in  a mortar,  is  to  be 
“ ftrewed  to  the  thicknefs  of  a fhilling  on  a piece  of  tin- 
foil,  twelve  inches  in  length,  and  three  in  breadth. 

“ Then  the  foil  is  to  be  inftantly  rolled  up,  fo  as  to 
include  the  fait  as  it  lay  between  the  coils.  The  ends 
“ are  to  be  fliut  by  pinching  them  together,  and  the 
“ whole  is  to  be  preffed  flat  and  clofe. 

“ All  this  being  done  as  quick  as  poflible,  the  firfl: 
“ phenomenon  is,  a part  of  the  fait  deliquefces.  2.  This 
“ part,  impregnated  with  tin  changed  in  colour,  and  of  a 
thicker  conflftence,  begins  to  froth  forth  from  the  ends 
“ of  the  coil.  3.  A ftrong  frothing,  accompanied  with 
moderate  warmth.  4.  The  emifllon  of  copious  nitrous 
“ fumes.  5.  Heat  intolerable  to  the  fingers.  6.  Ex- 
“ plofion  and  fire,  which  burfl:  and  fufe  the  tin-foil  in 
‘‘  feveral  places,  if  it  be  very  thin. 

“ After  many  experiments  and  conjedures,  I difcovered 
“ a property  in  the  cupreous  fait,  from  which,  and  the 
“ known  affinities  of  the  bodies  concerned,  thefe  appear- 
“ ances  may  be  accounted  for. 

“ The  cupreous  fait  properly  dried,  and  placed  where 
“ it  can  receive  a heat  not  much  greater  than  what  the 
“ hand  can  bear,  takes  fire.  The  circumftances  which 
“ favour  this  ignition,  and  contribute  to  produce  it  in  the 
“ fmallefl:  degree  of  heat,  concur  in  the  following  conve- 
“ nient  method  of  trying  the  experiment : 

“ A piece  of  foft  bibulous  paper  is  to  be  dipped  in  the 

“ nitrous 


145 


An  IntroduBion  to  Chymifiry* 

nitrous  folution  of  copper,  and  dried  before  the  fire 
two  or  three  times  alternately.  Then  it  is  to  be  ap- 
proached towards  the  heat,  as  near  as  can  be  borne  by 
the  hand  which  holds  it  without  pain  ; there,  if  it  has 
been  fufiiciently  dried,  it  will  prefently  catch  fire,  and 
burn  to  a brown  calx.  The  eafy  ignition  of  the  fait  in 
a flight  heat  being  thus  afcertained,  there  is  no  room 
to  doubt  that  the  foregoing  phenomena  are  produced 
in  the  following  manner  : 

“ The  acid  of  the  liquor  which  moiflened  the  fait  quits 
the  copper  to  unite  with  the  tin,  leaving  the  water  to 
be  imbibed  by  the  contiguous  fait  of  copper,  which  then 
diflTolves,  and  acfls  brifldy  upon  the  tin-foil.  It  is  well 
known,  that  the  a<£lion  of  the  nitrous  acid  on  tin  is  al- 
ways accompanied  with  confiderable  heat  and  effervef- 
cence,  and  that  the  folution  of  metallic  falts  in  watery 
liquors  is  haftened  by  heat. 

“ In  our  experiment,  the  warmth  generated  by  the 
firfi;  adion  of  the  cupreous  folution  promotes  the  deli- 
quefcence  of  the  cryflallized  fait.  The  union  of  the 
acid  with  the  tin  is  rapid,  not  only  as  being  aflifled, 
but  on  account  of  the  great  furface  expofed  ; whence 
the  ftrong  frothing,  and  the  extraordinary  heat,  by 
which  the  redundant  moifture  is  carried  away,  and  the 
undecompofed  part  of  the  cupreous  fait,  together  with 
that  lately  formed  with  the  tin,  perfedly  dried. 

“ The  heat  generated  upon  both  furfaces  of  a large 
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“ expanfe  of  tin,  is  concentrated  by  clofely  coiling  it  into 
“ a fmall  compafs,  and,  being  retained  by  the  various  fur- 
“ rounding  larnin^e  of  metal,  it  is  neceffarily  accumulated 
“ to  a quantity  ; which,  if  we  may  judge  from  the  touch, 
“ is  more  than  fufficient  to  fire  the  dry  cupreous  fait. 

“ The  fait  formed  with  tin,  and  the  nitrous  acid,  burns 
“ and  fparkles  in  a red  heat.  Catching  fire,  therefore, 
“ from  the  ignited  cupreous  fait,  it  burns  with  it,  and 
“ alTifts  in  the  detonation,  which  is  comm.on  to  all  nitrous 
“ compofitions  in  fimilar  circumftances. 

VI.  Ido  make  Mr.  Canton’^  calcareous  Phofphorus. 

Calcine  fome  oyfter-fhells  for  about  half  an  hour  in  a 
clear  fire.  Such  old  fliells  as  are  found  upon  the  fea- 
fhore  are  much  preferable  for  this  purpofe.  Let  the  purefi: 
part  of  this  calx  be  powdered  and  lifted,  and  mix  three 
parts  of  this  powder  with  one  part  of  flowers  of  fulphur. 
This  mixture  muft  be  rammed  into  a crucible  about  one 
inch  and  a half  deep,  till  it  is  almoft  full,  and  then  it 
muft  be  kept  red  hot  in  the  fire  for  one  hour  at  leaft  ; after 
which  time  it  may  be  removed  from  the  fire  and  left  to 
cool.  When  cold,  the  lump  of  matter  is  taken  out  of  the 
crucible,  and  being  broken  in  pieces,  it  is  expofed  to  the 
light  of  the  day,  and  is  immediately  brought  into  a dark 
room,  where  it  will  fliine ; but  fome  parts  of  it,  which  are 
10  the 
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the  brighteft,  muft  be  feparated  from  the  reft,  and  kept  in 
a well-clofed  bottle. 

This  phofphorus  being  kept  in  the  dark,  ftiews  no  light; 
but  if  it  is  expofed  to  the  light,  and  then  brought  into  a 
dark  place,  it  will  be  found  to  ftiine  for  feveral  minutes. 
Its  light  is  at  firft  fo  ftrong,  that  a fmall  quantity  of  it  may 
enable  a perfon  to  diftinguiih  the  hour  on  a watch.  This 
phofphorus  preferves  its  property  for  feveral  years,  if  it  is 
kept  free  from  moifture.  For  farther  particulars  relating 
to  the  properties  of  this  phofphorus,  fee  the  Philofophical 
Tran  factions,  Vol.  L'VIII. 

VII.  ’To  mahe  Vitriolic  Rther, 

Pour  two  pounds  of  concentrated  vitriolic  acid  at  once 
upon  two  pounds  of  well-redlified  fpirit  of  wine,  contained 
in  a glafs  retort.  The  vitriolic  acid,  on  account  of  its 
greater  fpecific  gravity,  will  fink  to  the  bottom.  Let  the 
retort  be  often  ftiaken  gently,  fo  as  to  mix  the  two  liquors; 
which  will  foon  become  very  hot,  and  boil  ; vapours 
ifluing  from  it  with  a loud  hilling  noife,  and  a pleafant 
penetrating  fmell.  Now  the  retort  muft  be  put  in  a fand- 
bath,  gradually  warmed  to  the  fame  degree  of  heat. 
Lute  a receiver  to  it,  having  a fmall  hole  on  one  fide ; 
and  make  fuch  a fire  under  the  retort  as  will  keep  the 
liquor  boiling  rather  quickly.  The  firft  produce  of  the 
diftillation  is  a very  fweet  fpirit  of  wine,  after  which  fol- 
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lows  the  ether,  which  is  diftinguilhed  by  ftriae  formed  on 
the  upper  part  and  neck  of  the  retort.  This  diftillation 
mufl  be  continued  with  the  fame  degree  of  heat,  till  on 
applying  the  noftrils  to  the  fmall  aperture  on  the  hde  of 
the  receiver,  which,  during  the  diftillation,  mufl;  be  fre- 
quently opened,  a fuffocating  fmell  of  volatile  fulphurous 
acid  is  perceived.  The  receiver  then  being  unluted,  will 
be  found  to  contain  a mixture  of  a very  dephlegmated  part 
of  the  fpirit  of  wine,  of  ether,  of  a little  oil,  and  fome- 
times  alfo  of  a fmall  portion  of  fulphurous  acid.  In  order 
to  feparate  the  ether  from  the  other  fubftances,  this  com- 
pound liquor  muft  be  put  into  a glafs  retort,  and  muft  be 
diftilled  with  a gentle  degree  of  heat  on  a lamp  furnace, 
till  half  of  the  whole  quantity  is  come  over  into  the  re~ 
ceiver,  which  is  the  ether,  and  muft  be  preferved  in  a^bot— 
tie  accurately  flopped. 

VIII.  To  make  KunckelV  Phofphorm* 

“ In  order  to  make  phofphorus  by  Mr.  Margraaf’s; 
procefs,  a kind  of  plumbum  corneum  is  previoufly  pre- 
pared, by  diftilling  a mixture  of  four  pounds  of  minium 
with  two  pounds  of  powdered  fal  ammoniac,  from  which 
all  the  volatile  alkali,  which  is  very  penetrating,  is  by  this 
operation  obtained.  The  reftduum  after  the  diftillation, 
that  is,  the  plumbum  corneum,  is  to  be  mixed  with  nine 
or  ten  pounds  of  extract  of  urine  boiled  to  the  conftftence 
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of  honey.  Mr.  Margraaf  requires,  that  this  urine  fhould 
be  putrified,  which  is  unnecefTary,  according  to  Mr; 
Beaume’s  obfervation.  This  mixture  is  to  be  made  flowly, 
in  an  iron  cauldron  fet  upon  the  fire,  and  frequently 
ftirring  the  matters.  Half  a pound  of  powdered  charcoal 
is  then  to  be  added,  and  evaporation  is  to  be  continued 
till  the  whole  is  reduced  into  a black  powder.  This  pow- 
der is  to  be  put  into  a retort,  to  extradl  from  it,  by  a mo- 
derate and  graduated  heat,  all  the  volatile  products  of 
urine,  that  is,  volatile  alkali,  fetid  oil,  and  an  ammoniacal 
matter  which  adheres  to  the  neck  of  the  retort.  In  this 
diftillation,  the  heat  is  to  be  only  raifed  fo  as  to  make  the 
matter  red  hot.  After  the  diftillation,  a black  and  fri- 
able refiduuni  remains,  from  which  the  phofphorus  is  to 
be  extradled  by  a fecond  diftillation,  and  a ftronger  heat. 
Before  it  is  expofed  to  another  diftillation,  it  may  be  tried, 
by  throwing  fome  of  it  upon  hot  coals.  If  the  matter 
has  been  well  prepared,  a fmell  of  garlic  exhales  from  it, 
and  a blue  phofphorical  flame  is  feen  undulating  along  the 
furface  of  the  hot  coals. 

“ This  matter  is  to  be  put  into  a good  earthen  retort, 
capable  of  fuftaining  a violent  fire.  Mr.  Margraaf  re- 
commends retorts  of  TValdenbourgh^  or  thofe  which  are 
made  near  Kirchan  in  Saxony ; which  not  being  known 
in  France,  Heflian  retorts  are  ufed  there,  although  they 
have  the  inconvenience  of  allowing  a large  quantity  of 
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phofphorus  to  tranfpire  during  the  operation.  Mr.  Beaume 
fecures  his  retorts  with  a covering  of  clay  and  hair. 

‘‘  Three  quarters  of  the  retort  are  to  be  filled  with  the 
matter  which  is  to  yield  the  phofphorus.  It  is  to  be 
placed  in  the  common  furnace  for  diftillation  with  a re- 
tort; excepting  that,  inftead  of  being  terminated  by  an 
ordinary  reverberatory  or  dome,  this  ought  to  be  termi- 
nated by  the  upper  piece  of  an  air-furnace,  to  which  a 
tube  is  to  be  applied,  the  diameter  of  which  ought  to  be 
from  four  to  fix  inches,  according  to  the  fize  of  the  fur- 
nace ; and  the  height  from  eight  to  nine  feet.  This  ap- 
paratus, which  Mr.  Beaume  ufes,  is  necefiary  for  raifing  a 
fufficient  heat,  and  for  the  convenience  of  throwing  in  a 
fufficient  quantity  of  fuel  through  the  door  of  the  upper 
piece  of  the  furnace.  The  retort  ought  to  be  well  luted 
to  a receiver  of  moderate  fize,  pierced  with  a fmall  hole, 
and  half  full  of  water.  For  this  purpofe,  ordinary  fat  lute 
may  be  bound  on  with  ftripes  of  linen,  dipped  in  a lute 
prepared  with  lime  and  whites  of  eggs.  The  hole  in  the 
furnace,  through  which  the  neck  of  the  retort  pafies,  ought 
to  be  well  flopped  with  furnace  earth.  Laflly,  a fmall 
wall  of  bricks  is  railed  betwixt  the  furnace  and  receiver, 
to  guard  this  vefTel  againfl  heat  as  much  as  is  poffible. 

“ All  thefe  preparations  being  made  the  evening  be- 
fore the  diftillation  is  to  be  performed,  we  are  then  capa- 
ble of  proceeding  to  this  operation,  which  is  very  eafy. 
The  retort  is  to  be  heated  by  flow  degrees  during  an  hour 

and 
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and  a half ; and  then  the  heat  is  to  be  increafed  till 
the  retort  be  red-hot,  and  the  phofphorus  begins  to  pafs 
in  luminous  vapours  : when  the  retort  is  almoil:  of  a 
white  red  heat,  the  phofphorus  pafles  in  drops,  which  fall 
and  congeal  in  the  water  at  the  bottom  of  the  receiver. 
This  degree  of  heat  is  continued  till  no  more  paffes  into 
the  receiver.  When  a retort  contains  eight  pints  or  more, 
this  operation  continues  about  five  hours. 

“ Mr.  Margraaf’s  apparatus  is  fomewhat  different 
from  that  above  defcribed.  He  divides  the  whole  quantity 
of  matter,  from  which  the  phofphorus  is  to  be  obtained, 
into  fix  fmall  retorts,  which  he  places  in  a furnace  that  he 
defcribes.  The  advantage  of  this  divifion  is,  that  if  any 
accident  happens  to  one  retort,  the  whole  matter  is  not 
loft ; and  as  the  retorts  are  fmaller,  a lefs  heat  is  required. 
If  indeed  much  phofphorus  was  to  be  made,  this  practice 
would  be  fafe  and  excellent ; but  I can  affirm,  that  the 
method  above  defcribed,  of  Mr.  BEAUME,*is  very  convenient 
when  a large  quantity  of  phofphorus  is  not  wanted,  and 
that  I have  never  fecn  it  fail. 

“ Phofphorus  does  not  pafs  pure  in  this  diftillation, 
but  is  blackened  by  foot  or  coal,  which  is  carried  along 
with  it  : it  may  be  eafily  purified,  and  rendered  white  and 
fine,  by  afecond  diftillation  or  redlification.  This  redtifi- 
cation  is  made  in  a fmall  glafs  retort,  to  which  is  adjufted 
a fmall  receiver  half  full  of  water.  K very  gentle  heat  is 
fufficient,  becaufe  phofphorus  once  formed  is  very  volatile ; 

and, 


1-52 


jin  IntroduSimt  to  ChymiJlrj, 

and,  as  the  fuliginous  matters  with  which  it  is  foiled  were 
raifed  merely  by  the  violence  of  the  heat,  they  remain  at 
the  bottom  of  the  retort  in  this  diftillation,  and  the  phof- 
phorus  paffes  very  pure. 

“ The  phofphorus  is  then  ufually  divided  into  fmall 
cylindrical  rolls,  for  the  conveniency  of  ufing  it.  This  is 
done  by  putting  it  in  glafs  tubes  immerfed  in  warm  water. 
This  very  gentle  heat  is  fufficient  to  liquefy  the  phof- 
phorus, which  is  almoft  as  fufible  as  fuet.  It  takes  the 
form  of  the  glafs  tubes ; from  which  it  may  be  taken  out 
when  it  is  cold  and  hardened.  That  it  may  be  more 
eafily  taken  out  of  the  tubes,  thefe  inufl;  be  fomewhat  of 
the  form  of  fruftrums  of  cones.  All  thefe  operations 
ought  to  be  made  under  water,  to  prevent  the  inflamma- 
tion of  the  phofphorus 

Whenever  this  phofphorus  is  taken  out  of  the  water,  it 
fhines  with  a confiderable  light;  emitting  luminous  white 
fumes,  which  have  a ftrongand  difagreeable  fmell  of  urine. 
Letters  and  other  things  may  be  drawn  with  this  fubflance 
upon  the  wall,  or  any  other  place,  which  will  fhine  for  a 
confiderable  time;  but  in  performing  thefe  experiments  the 
operator  mufl  take  to  keep  the  phofphorus  only  for  a very 
fhort  time  out  of  the  water,  and  alfo  to  rub  it  very  gently 
when  he  draws  with  it ; for  a ftrong  fridtion,  as  v/ell  as  a mo- 
derate heat,  will  inflame  it,  in  which  cafe  it  burns  with  great 
violence,  emitting  ftrong  fuffocating  vapours,  accompanied 
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with  a Very  vivid  flame.  From  this  it  appears,  that  this 
phofphorus  has  two  kinds  of  flame,  viz.  One  weak  ema- 
nation of  light,  by  which  it  fliines  in  a dark  place,  and  is 
confumed  by  very  fmall  degrees ; and  another  ftrong  flame, 
which  burns  it  in  a few  feconds. 

If  a few  grains  of  phofphorus  be  put  in  about  half  an 
ounce  of  ether,  it  will  be  diffolved  in  two  or  three  days 
at  moft,  and  the  ether  then  acquires  the  property  of  Ihin- 
ing  in  the  dark ; fo  that  if  the  bottle  containing  it  be 
opened,  and  a few  drops  of  it  be  fpread  upon  the  palm  of 
the  hand,  or  any  other  place,  they  will  give  a light  ftrong 
enough  to  difcern  the  hour  of  a watch.  In  this  experiment 
there  is  no  fear  of  the  phofphorus  taking  fire,  and  burning 
with  a ftrong  flame,  as  when  it  is  not  dilTolved.  Befides 
ether,  the  phofphorus  may  be  diflblved  in  any  eflential 
oil. 

If  a fmaU  piece  of  the  phofphorus  be  rubbed  between 
two  pieces  of  paper,  it  will  prefently  take  fire,  and  inflame 
the  paper.  One  grain  of  it  is  enough  to  make  this  .experi- 
ment. It  is  almoft  fuperfluous  to  mention,  that  feveral  of  the 
above-mentioned  experiments  with  Kunckel’s  phofphorus 
muft  be  performed  in  the  dark.  This  phofphorus  was, 
till  very  lately,  procured  only  from  urine.  But  Mr. 
ScHEELE,  an  excellent  Chymift,  has  difcovered,  that  the 
faline  matter  called  phofpboric  acid^  is  contained  copioufly 
-in  the  earth  of  the  bones  of  animals.  Mr.  Macquer,  how- 
ever^ obferves,  that  the  faline  phofphoric  matter  obtained 

X from 


154  IntroduSiion  to  Chymtjlry\ 

from  bones,  although  proper  for  making  the  phofphorus,, 
is  neverthelefs,  in  fome  refpeds,  different  from  that  acid 
which  remains  after  the  combuftion  of  phofphorus. 

The  beft  method  of  obtaining  this  faline  matter  from 
bones  has  not  yet  been  perfedly  defcribed.  Mr.  Rovelle 
fays,  that  a greater  quantity  of  phofphoric  fait  may  be  ob- 
tained from  uncalcined  than  from  calcined  bones;  It  has 
been  extracted  from  hartfhorn,  calcined  to  whitenefs  by 
means  of  vitriolic  acid,  and  alfo  from  other  bones ; but  the 
hartfhorn  hitherto  feems  to  furnifh  the  largeft  quantity 
of  it,  three  or  four  ounces  being  yielded  from  one  pound 
of  hartfhorn.  This  faline  fubftance  is  at  firfl:  of  the  con- 
iiftence  of  fyrup ; but  by  evaporating  it  to  drynefs,  and 
melting  it  in  a crucible,  it  becomes  a vitreous  matter ; 
which  being  mixed,  and  diftilled  with  powder  of  char- 
coal in  the  manner  defcribed  above,  produces  a very  fine 
phofphorus. 

From  the  experiments  hitherto  made  with  bones,,  in 
order  to  extradi  the  phofphoric  acid,  &c.  it  has  been  de- 
duced, that  the  earth  of  bones  is  eflentially  a calcareous 
earth,  forming  a felenites  with  the  vitriolic  acid,  and  cal- 
cinable  into  quicklime,  after  it  has  been  feparated  from 
the  vitriolic  acid  by  means  of  a fixed  alkali,  and.  well 
wafhed. 
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IX.  7^  make  Fulminating  Powder, 

, ’ ■ ' V * 

This  powder  is  made  by  mixing  together  three' parts  of 
nitre,  two  parts  of  fait  of  tartar,  and  one  part  of  fulphur. 
When  a fmall  quantity  of  this  powder,  for  inftance,  a 
drachm  of  it,  is  put  into  an  iron  fpoon  over  the  fire,  it 
melts,  becoming  gradually  brown,  fwells,  and  at  laft  it 
explodes  with  a furpriling  violence  and  noife.  It  is  re- 
markable, that  this  powder  does  not  require  to  be  confined, 
like  gunpowder,  in  order  to  make  a great  explofion  ; and 
alfo  that  it  requires  a flow  application  of  heat,  fo  as  to  be 
firfi:  fufed ; for  if  the  fire  be  applied  fiiddenly,  the  ful- 
mination  is  lefs  violent.  If  this  powder,  when  melted, 
be  removed  from  the  fire  the  very  moment  before  it  ex- 
plodes, it  is  then  in  fuch  a ftate,  as  it  explodes  like  gun- 
powder, and  even  ftronger,  whenever  an  ignited  body  is 
approached  to  it.  But  for  this  experiment  the  compo- 
fition  is  belt  made  with  three  parts  of  nitre,  two  of  ful- 
phur, and  one  of  fait  of  tartar.  This  mixture  mufi:  be 
put  upon  a fhovel  over  the  fire,  and  mufi  be  kept  ftirring 
till  it  is  melted,  when  it  mufi;  be  removed,  and  kept 
in  a well-corked  bottle.  In  this  ftate  it  is  ready  to  take 
fire  like  gunpowder  by  a match,  and  to  explode  with 
confiderably  greater  violence ; but  it  is  foon  deprived  of  its 
property  by  the  leaft  moifture. 
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In  corking  the  bottle  that  contains  this  powder,  care 
fhould  be  taken  that  none  of  it  be  left  in  the  neck  of  the 
bottle  ; for  the  fridion  of  the  cork  may  be  capable  of  in- 
flaming it^ 


PART 


PART  II. 


Containing  the  principal  Properties  of  elaflic 
Fluids^  and  the  Defcription  of  the  Apparatus 
necejfary  to  make  Kxperiments  on  that  SuhjeSf* 


The  various  Branches  of  natural  philolbphy  are  fo 
intimately  connected  with  one  another,  that  it  is 
next  to  impoflible  to  advance,  or  even  to  under- 
hand properly  any  particular,  fubjedl,  without  having  a 
competent  knowledge  of  other  collateral  and  fubfervient 
branches.  For  this  reafon,  a fhort  Introduction  to  Chy- 
miftry  has  been  prefixed  to  the  prefent  work,  whofe  prin- 
cipal object  is  to  exhibit  a view  of  the  prefent  hate  of  dif- 
coveries  relating  to  the  chymical  nature  and  properties  of 
air,  and  other  permanently  elaftic  fluids.  But  Chymiftry,. 
although  the  principal,  is  not  the  only  fcience  neceflary 
to  underhand  thoroughly,  and  to  advance  this  fubjeCt. 
A competent  knowledge  of  Hydrohatics,  of  EleCtricity, 
and  of  the  principles  of  Mathematics,  are  alfo  requifite. 
^ However', 
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However,  in  the  following  pages  we  fhall  only  make  a (hort 
mention  of  Hydroftatics,  viz.  of  the  preflure  and  equili- 
brium of  fluids,  which  is  neceffary  for  the  management  of 
the  experiments  to  be  mentioned  hereafter;  referring  thofe 
readers,  who  are  not  acquainted  with  the  other  fciences, 
to  the  Treatifes  written  exprefsly  upon  them. 

The  properties  of  elaftic  fluids  to  be  mentioned  in  this 
Part,  muff  not  be  confidered  to  be  all  their  properties 
hitherto  difcovered  ; a full  account  of  them  all,  and  of  the 
ufes  to  which  they  may  be  applied,  being  referved  for  the 
third  Part ; but  they  are  thofe  properties  which  the  begin- 
ner may  more  eafily  experience,  'in  order  to  learn  the  ufe 
of  the  apparatus,  and  which  ferve  as  an  introduction  to 
the  third  Part;  in  which  we  fhall  treat  of  all  the  proper- 
ties of  each  particular  fort  of  elaftic  fluid  in  feparate  chap- 
ters, which  will  thereby  be  rendered  more  perfpicuous  and 
concife.  Suppofe,  for  inftance,  that  the  properties  of  com- 
mon air  were  to  be  treated  of ; it  would  be  neceffary  to 
mention  the  remarkable  diminution  of  this  atmofpherical 
fluid  occalioned  by  the  addition  of  another  permanently 
elaftic  fluid,  commonly  called  nitrous  air\  viz.  that  when 
thefe  two  kinds  of  elaftic  fluids  are  mixed  together,  their 
joint  bulk  is  much  lefs  than  the  fum  of  both  their  quan- 
tities, and  alfo  that  this  diminution  is  greater  or  lefs  ac- 
cording as  the  nitrous  air  is  more  or  lefs  pure,  £cc.  Now 
here  it  muft  be  fuppofed,  that  the  properties  of  nitrous 
air  have  been  previoufly*  mentioned ; but  this  is  imprac- 
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ticable,  for  fimilar  reafons,  viz.  becaufe  a previous  know- 
ledge of  the  nature  of  common  air  mufl:  be  neceffarily  pre- 
mifed.  It  is  therefore  neceflary  to  mention  in  this  Part 
a few  of  the  principal  properties  of  air,  and  other  per- 
manently elaftic  fluids,  without  entering  into  a minute  de- 
tail of  them  all,  in  order  to  render  the  third  Part  of  this 
work  more  perfpicuous,  and  lefs  verbofe. 

If  the  reader  wifhed  to  become  really  acquainted  with 
the  fubjeft,  it  is  neceflTary  that  he  fhould  perform  at  leafl: 
the  experiments  to  be  mentioned  in  this  Part,  fo  as  to 
learn  all  the  principal  properties  of  elaftic  fluids,  before 
he  pafles  to  read  the  third  Part,  which  would  otherwife  be 
little  underftood. 

In  refpedl  to  the  names  of  the  elaftic  fluids,  a great  va- 
riety of  them  may  be  found  amongft  the  writers  on  the 
fubjedt.  Some  authors  give  the  name  air  to  the  common 
atmofpheric  fluid  only,  and  call  the  other  elaftic  fluids 
gafes  ; thus,  nitrous  gasy  vitriolic  gas^  calcareous  gas^  &c. 
This  method  certainly  feems  to  be  the  moft  rational,  be- 
caufe the  other  elaftic  fluids,  being  eflbntially  different 
from  common  air,  require  particular  names.  But  others 
have  given  the  name  air  to  them  all : thus  nitrous  air^  with 
them,  is  the  fame  thing  as  the  above-mentioned  nitrotis 
gas^  fixed  air  is  the  fame  as  calcareous  gas ^ &c., 

* The  word  gas  is  derived  from  the  German  gafekt,  or  gajt,,  which  fignifies 
an  eruption  of  wind,  or  the  frothy  ebullition  which  accompanies  the  expulfion  of 
elaftic  fluids  from  fermenting  and  effervefeing  fubftances. 


That 


i6o  Ithe  principal  Properties  of  elafic  Fluids^ 

That  fome  of  thefe  names  are  improperly  given  to  the 
things  they  are  meant  to  denote,  is  certainly  true ; to  call, 
for  inftance,  fixed  air  an  elaftic  fluid,  which  is  moveable 
by  the  leaf!;  agitation,  rarefaction,  condenfation,  &c.  is  very 
abfurd  ; and  to  give  it  the  fpecific  name  air,  when  it  has 
no  chymical  property  in  common  with  the  refpirable  air, 
is  evidently  improper  : but  at  lafl,  names  are  only  words, 
by  which  we  diftinguilh  one  thing  from  another,  and  con- 
fequently  they  are  always  ufeful  if  they  anfwer  that  pur- 
pofe.  They  may  be  grammatically  improper,  and  they 
might  be  changed  for  better ; but  grammatical  impro- 
prieties, when  they  don’t  confufe  the  expreflions  in  which 
they  are  ufed,  are  not  to  be  minded  in  natural  philofophy. 
Were  I the  firft,  or  the  principal  writer  on  this  fubjeCl,  it 
would  in  that  cafe  be  incumbent  on  me  to  adopt  fuch 
•names  as  are  lefs  exceptionable  : but  when  the  fubjeCt  is 
pretty  well  known  in  the  philofophical  world,  to  adopt 
any  new  or  lefs-ufed  names,  would  be  certainly  difpleaflng 
and  perplexing  to  an  ear  otherwife  accuftomed.  I hope 
therefore  to  be  excufed,  if  in  the  courfe  of  this  work  fome 
names  of  elaftic  fluids  fhould  be  ufed,  which,  although 
commonly  mentioned  by  fome  ingenious  authors,  and  ge- 
nerally ufed  in  common  philofophical  difcourfe,  yet  are  a 
very  proper  fubjeCt  for  criticifm.  Neverthelefs,  all  the 
various  names  ufed  by  writers  of  note  will  be  mentioned  in 
proper  places,  fo  that  they  may  not  be  new  to  the  reader, 
when  he  meets  with  them  in  the  books  written  on  this 
fubjeCt.  . CHAP* 
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CHAP.  I. 

Of  Hydrofiatics. 

TH  E fcience  which  treats  of  the  preflure  and  equi- 
librium of  fluids,  or  of  their  mechanical  proper- 
ties, has  been  called  Hydrofiatics, — This  word  indeed 
feems  to  confine  the  fcience  to  water  only  ; but  as  the 
mechanical  properties  of  fluids  of  every  fort  are  the  fame, 
allowance  being  made  for  the  differences  arifing  from  their 
fpecific  gravities  and  elafticity,  it  is  of  no  confequence 
whether  they  are  inveftigated  principally  with  water,  or 
with  any  other  fluid. 

The  firft  law  of  Hydrofiatics  is,  that  fluids  of  every  fort 
gravitate  in  their  proper  places^  and  their  preffure  is  propa- 
gated according  to  every  dir eElion^  i.  e.  downwards^  upwards ^ 
and  fldeways.  The  upper  parts  of  any  fluid  continually 
prefs  upon  the  lower  ones,  and  fluids  of  different  fpecific 
gravities,  as  oil,  water,  ether,  air,  mercury,  &c.  when  put 
into  a common  veffel  of  any  fhape,  gravitate  upon  each 
other,  the  lighter  upon  the  heavier,  and  the  heavier  upon 
the  lighter  ; and  their  preflure  is  propagated  in  every  pof- 
fible  direction  ; fo  that  the  fides,  as  well  as  the  bottom  of 
a veffel  containing  any  fluid,  or  mixture  of  fluids,  fuflain 
a confiderable  preffure.  But  thofe  properties  will  be  evi- 
dently demonftrated  by  the  following  eafy  experiments. 
The  firft  part  of  the  above-mentioned  propofition,-  in 
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plainer  language,  lignifies,  that  if  a quantity  of  water,  for 
inftance,'  a cubic  inch  of  it,  when  weighed  with  a pair  of 
fcales,  is  found  to  be  equal  to  one  ounce,  the  fame  quan- 
tity, either  at  the  top,  in  the  middle,  or  in  any  other  part 
of  a large  veffel  filled  with  water,  or  any  other  fluid,  will 
always  be  of  the  weight  of  one  ounce  ; and  that  preflfire  of 
one  ounce  will  be  fuftained  by  the  fluid  uncler  it,  or  by  the 
bottom  of  the  veflTel.  In  order  to  prove  this  affertion,  let 
any  flopped  glafs  bottle,  heavy  enough  to  fink  in  water 
when  empty,  have  a flender  firing  tied  to  its  neck,  one 
end  of  which  firing  mufi  be  faftened  to  the  arm  of  a ba- 
lance ; and  let  the  bottle  be  weighed  very  accurately. 
Suppofe  its  weight  to  be  nine  ounces.  Then  let  the  bot- 
tle be  wholly  immerfed  in  a large  velfel  full-  of  water, 
as  it  is  reprefented  in  fig.  3,  Plate  I.  and  weigh  it  again 
whilfi  it  is  fiill  empty.  In  this  cafe  the  bottle  will  ap- 
pear to  be  lighter  than  when  it  was  weighed  in  the  open 
air,  for  reafons  which  will  appear  prefently.  Suppofe  that 
in  this  fecond  cafe  its  weight  be  found  to  be  equal  to  two 
ounces.  Now  fill  the  bottle  with  water,  and  replace  the 
fiopper  j then  add  fome  weight  into  the  fcale"  of  the 
balance  (for  now  the  bottle  will  be  much  heavier  than 
when  it  was  empty)  fo  as  to  balance  it  and  keep  it  about 
the  middle  of  the  veflTel  C D E F,  or  in  fliort,  not 
touching  the  bottom  or  fides  of  it.  Suppofe  the  weight  of 
the  bottle  filled  with  water  to  be  nine  ounces.  Now  if 
the  water  contained  in  that  bottle  be  weighed  in  the  open 
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air,  it  will  be  found  to  weigh  feven  ounces.  This  may  be 
tried,  either  by  pouring  the  water  contained  in  the  bot- 
tle, in  the  fcale  of  a balance,  or  limply  by  taking  the  bot- 
tle B out  of  the  velTel  C D E F,  and  weighing  it  in  the 
open  air,  where  it  will  be  found  to  weigh  lixteen  ounces ; 
nine  ounces  of  which  are  the  weight  of  the  bottle  as  it 
was  found  at  firft,  which  being  fubtradted  from  lixteen, 
there  remains  feven  ounces  for  the  weight  of  the  water  ; 
which  demonftrates,  that  the  quantity  of  water  contained 
in  the  bottle  B,  has  the  fame  weight,  when  furrounded 
with  the  fame  fluid,  as  when  weighed  in  the  open  air 

From  this  law  it  follows,  that  if  a body  of  any  fort  be 
immerfed  in  water,  and  weighed  after  the  manner  de- 
fcribed  in  the  above-mentioned  experiment,  its  weight  will 
be  juft  the  difference  between  its  weight  when  weighed  in 
the  open  air,  and  the  weight  of  a quantity  of  water,  whofe 
bulk  is  equal  to  the  bulk  of  the  faid  body.  Thus,  if  a 
cubic  inch  of  metal  weighs  ten  ounces  in  the  open  air,  and 
a cubic  inch  of  water,  or  of  any  other  fluid,  weighs  only 
one  ounce  ; when  that  piece  of  metal  is  fufpended  like 
the  bottle  B,  by  means  of  a flender  firing  A,  B,  to  the  arm 
of  a balance,  and  is  weighed  in  that  fluid,  its  weight  will 
be  found  to  be  nine  ounces ; which  is  the  difference  be- 

• In  this  experiment  a proper  allowance  fhould  be  made  for  the  weight  of  the 
air  contained  in  the  bottle  when  firft  weighed,  which  air  efcapes  when  the  bot- 
tle is  filled  with  water.  But  as  the  difference  is  very  trifling,  it  may  be  as  well 
negledled. 
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tween  its  weight  when  weighed  in  the  open  air,  and  the 
weight  of  an  equal  bulk  of  water,  or  of  that  other  fluid 
tried. 

It  is  plain,  that  if  a folid  body,  immerfed  in  any  fluid, 
is  lighter  than  an  equal  bulk  of  that  fluid,  the  folid  body 
will  fwim  on  the  furface  of  it,  and  if  it  is  heavier,  it  will 
flnk  to  the  bottom ; for  in  every  combination  of  bodies 
the  heavieft  will  always  occupy  the  lowefl;  parts,  except 
they  are  hindered  to  take  that  place,  which  is  not  the  cafe; 
with  fluids,  when  folids  are  freely  and  wholly  immerfed 
in  them.  But  if  the  weight  of  the  folid  body  is  equal, 
to  an  equal  bulk  of  the  fluid,  then  the  body  will  remain 
in  every  part  of  it  where  it  is  left,  viz.,  near  the  furface,,  or 
in  the  middle,  8ce. 

A box  or  boat  may  be  made  of  any  of  the  metals,  which- 
are  much  heavier  than  water  , fo  as  to  fwim  in  that  fluid.. 
Suppofe,  for  inftance,  that  a cubic  box  of  metal,  one  inch 
every  way,  be  made  fo  thin,  that  its  weight  is  lefs  than 
that  of  a cubic  inch  of  water  ; it  is  plain,  that  this  me- 
tal box,  when  immerfed  in  water,  niufl:  fwim  near  the  top 
of  it ; becaufe  the  bulk  of  the  water  that  it  difplaces,. 
weighs  more  than  the  box  itfelf.  But  fuppofe  that  this, 
metal  box  be  filled  with  water,  and  immerfed  in  it ; then 
it  will  immediately  fink,  becaufe  in  this  cafe  it  ho  longer 
difplaces  a cubic  inch  of  water,  but  only  fuch  a quantity 
of  it  as  it  is  equal  to  the  thicknefs  of  its  fides ; which 
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quantity  being  lighter  than  the  metal  of  the  box,  it  ne- 
ceflarily  follows  that  the  box  mufl:  link. 

When  the  weights  of  equal  bulks  of  different  fubftances 
are  compared  together,  they  are  called  fpecific  gravities,  or 
fpecilic  weights  ; thus,  gold  is  faid  to  be  fpecifically  lighter 
than  lilver,  becaufe  a cubic  inch  of  the  former  weighs  10 
ounces,  7 pennyweights,  3.83  grains;  whereas  a cubic 
inch  of  the  latter  weighs  only  5 ounces,  1 1 pennyweights, 
3.36  grains. — Water  is  faid  to  be  fpecifically  lighter  than 
mercury,  becaufe  the  weight  of  a cubic  inch  of  the  former 
is  about  10  pennyweights;  and  the  weight  of  a cubic  inch 
of  the  latter  is  7 ounces,  7 pennyweights,  11.61  grains; 
and  fo  of  the  reft.  Now,  from  the  above-demonftrated 
principle,  we  deduce  a method  of  finding  out  the  fpe- 
cific gravities  of  bodies,  without  taking  the  trouble  of 
meafuring  exadlly  a cubic  inch,  or  any  other  meafure  of 
the  fame.  The  method  is  as  follows  : — The  given  body, 
being  fufpended  to  one  arm  of  a balance,  by  means  of  a 
very  fine  firing,  as  a filk  thread,  a hair,  &c.  is  firfi  weighed 
in  air,  and  afterwards  in  water,  then,  fubtrading  the  latter 
weight  from  the  former,  the  remainder  will  fhew  the  weight 
of  the  given  body  over  that  of  an  equal,  bulk  of  water. 
Thus,  if  a guinea  is  firfi  weighed  in  air,  it  will  be  found 
to  be  129  grains,  and  when  weighed  in.  water  will  be 
found  to  be  121^  grains,  which  being  fubtradled  from 
129,  there  remains  7^  grains,,  which  is  the  weight  of  a 
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quantity  of  water  equal  to  the  bulk  of  the  guinea.  There- 
fore the  fpecific  gravity  of  fuch  gold  as  is  employed  to 
make  guineas,  is  to  the  fpecific  gravity  of  water  as  129 
to  7^;  or  by  dividing  129  by  7^  (or,  which  is  the  fame, 
^7  7*25)  and  comparing  the  quotient  to  one^  is  as  17.793 
to  I,  viz.  that  fort  of  gold  is  nearly  eighteen  times  hea- 
vier than  water.  After  the  fame  manner,  by  trying  any 
piece  of  fine  filver,  the  fpecific  gravity  of  it  is  found  to 
be  11.087,  viz.  to  be  about  eleven  times  heavier  than 
water ; and,  compared  to  the  fpecific  gravity  of  gold,  it 
appears  to  be  much  lighter  than  that  metal. 

In  fhort,  the  method  confifts  in  finding  out  the  weight 
of  the  given  body  in  air,  then  its  weight  in  water,  and 
laftly  in  dividing  the  firft  weight  by  the  difference  be- 
tween the  firft  and  fecond  weight,  the  quotient  of  which 
divifion  fiiews  how  many  times  the  given  body  is  heavier 
than  water.  In  this  manner  a table  of  the  fpecific  gra- 
vities of  various  bodies  is  made.  But  it  is  plain,  that  from 
what  has  been  faid  above,  only  the  fpecific  gravities  of 
folid  bodies  that  are  heavier  than  water  may  be  found  out; 
but  two  other  cafes  fiiould  be  confidered,  viz.  when  the 
fpecific  gravities  of  divers  fluids,  and  when  the  fpecific 
gravities  of  bodies  lighter  than  water  are  to  be  afcertained. — 
Firft,  when  the  fpecific  gravity  of  a fluid  is  required  to  be 
known,  for  inftance,  of  wine;  take  a piece  of  any  folid  fub- 
ftance,  that  is  not  diffoluble  in  wine  or  water,  and  by  the 
I o method 
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method  mentioned  above  find  its  fpecific  gravity  with  re- 
fpedt  to  water;  then  repeating  the  experiment  with  wine 
inftead  of  water,  find  the  fpecific  gravity  of  that  body 
with  refpedt  to  wine,  which  will  evidently  fiiew  the  fpe- 
cific gravity  of  wine,  viz.  how  much  heavier  or  lighter  it 
is  than  water ; for  fuppofe  that  the  folid  body  tried 
weighs  two,  three,  four,  or  more  times  in  wine  than  in 
water,  it  fhews  that  the  wine  is  two,  three,  four,  or 
as  many  more  times  lighter  than  water. — The  body  ge- 
nerally ufed  to  find  out  the  fpecific  gravities  of  fluids  is 
a glafs  ball,  or  a lump  of  glafs  nearly  in  the  fhape  of  a 
pear,  becaufe  glafs  is  not  attacked  by  acids  in  general, 
and  is  heavy  enough  to  fink  in  any  liquor,  excepting  ' 
quickfilver. 

When  the  fpecific  gravity  of  mercury,  and  alfo  of  fome 
fmall  folid  fubftances,as  grains  of  platina,  fragments  of  dia- 
monds, &c.  are  to  be  tried,  which  cannot  be  conveniently 
tied  to  a thread,  and  even  if  they  were  to  be  tied  to  a thread, 
the  weight  of  the  thread  or  hair  being  confiderable  in  re- 
fpeft  to  the  weight  of  thofe  fmall  bodies,  would  occafion  a 
very  fenfible  error  ; in  thofe  cafes,  therefore,  the  befl:  me- 
thod is  to  put  the  fubftances  to  be  tried  in  a glafs  bucket. 
Thus,  fuppofe  that  the  fpecific  gravity  of  quickfilver  is 
required  to  be  known  ; let  the  empty  glafs  bucket  be  firfl: 
weighed  in  air,  then  pour  the  quickfilver  in  it,  and  weigh 
it  again.  Let  botli  thofe  weights,  viz.  that  of  the  bucket 

and 


1 68  V^he  principal  Properties  of  elaftic  Fluids 

and  that  of  the  quickhlver,  be  noted.  Now  take  away 
■the  quickhlver  from  the  bucket,  and  weigh  the  latter  by 
itfelf  in  water,  viz.  intirely  filled  and  furrounded  with 
water ; then  pour  the  fame  quantity  of  quickfilver  that 
was  ufed  before,  into  the  bucket  whilft  ftanding  in  water, 
and  add  as  much  weight  into  the  fcale  as  will  balance  the 
bucket  with  the  quickfilver  ; which  will  fiiow  the  weight 
of  the  quickfilver  in  water;  which  being  fubtrad:ed  from 
its  weight  in  air,  the  remainder  is  the  weight  of  a quantity 
of  water  equal  in  bulk  to  the'  quickfilver  : by  which  re- 
mainder divide  the  weight  of  the  quickfilver  in  air,  and 
the  quotient  fhows  how  much  the  quickfilver  is  heavier 
than  water. 

When  the  folid  body,  whofe  fpecific  gravity  is  required 
to  be  known,  is  lighter  than  water  ; fuppofe,  for  inftance, 
it  be  a piece  of  cork ; it  is  plain,  that  if  the  cork  be 
left  under  water,  it  will  foon  fwim  to  the  furface : but 
take  a heavy  body,  as  a piece  of  lead,  or,  in  fhort,  fuch  a 
body  as,  when  tied  to  the  piece  of  cork,  or  other  light 
body  to  be  tried,  may  fink  with  it  in  water ; and  let  this 
heavy  body  be  weighed  in  water  after  the  manner  men- 
tioned above,  then  tie  the  piece  of  cork  to  it,  and  weigh 
them  again  in  water,  in  which  cafe  they  will  be  found  to 
be  lighter  than  the  heavy  body  alone.  Suppofe  that  the 
heavy  body,  when  weighed  alone,  was  found  to  weigh  ten 
ounces,  and  when  weighed  together  with  the  cork  or  other 
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body,  their  weight  was  found  to  be  only  nine  ounces ; it 
is  plain,  that  the  piece  of  cork  is  one  ounce  lighter  than 
an  equal  bulk  of  water.  Now  let  this  piece  of  cork  be 
taken  out  of  the  water,  be  dried,  and  weighed  in  air  by 
itfelf,  where  fuppofe  it  be  found  to  weigh  one  quarter  of 
an  ounce ; it  is  evident,  that  a quantity  of  water  equal 
in  bulk  to  this  piece  of  cork,  or  other  body,  weighs  one 
ounce  and  a quarter,  becaufe,  as  we  faid  above,  the  piece 
of  cork  is  one  ounce  lighter  than  an  equal  quantity  of  wa- 
ter ; confequently,  that  piece  of  cork,  or  other  body,  is  five 
times  lighter  than  water,  or,  which  is  the  fame  thing,  a 
quantity  of  water  equal  in  bulk  to  the  piece  of  cork  weighs 
five  times  as  much  as  the  cork,  or  other  body  tried. 

As  the  fpecific  gravities  of  various  bodies  are  necefiar)l 
to  be  known,  in  order  to  deduce  proper  confequences  from 
feveral  experiments,  to  be  mentioned  hereafter,  I fhall 
fubjoin  a fiiort  Table  of  the  fpecific  gravities  of  thofe  bo- 
dies, which  may  more  often  occur  in  our  experiments,  as 
well  as  in  common  philofophical  andoeconomic  occurrences. 


A Table  of  fpecific  Gravities, 


A cubic  inch  of 

Avoirdup.  weight. 

Oz.  Drachms. 

Comparative 

weight. 

Very  fine  gold,  - 

1 1 

5.80 

19.637 

Standard  gold,  - 

10 

14.90 

18.888 

Guinea  gold,  - - 

10 

. 4-76 

17-793 

Z Quickfilver, 
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A cubic  inch  of 

Avoirdup.  weight. 

Oz.  Drachms. 

Comparative 

weight. 

Quickfilver,  - - 

, g. 

r.45 

14.019 

Lead,  - - - 

6 

9.08 

11.325 

Fine  filver,  - - 

6 

6.66 

1 1.087 

Standard  filver. 

6 

1-54 

^ 10-535 

Copper,  - - - - 

5- 

1.89 

, 8.843 

Plate  brafs,  - - 

4 

10.09 

8.000 

Steel,  - ~ - 

4 

8.70 

7.852 

Iron,  _ - _ - 

4 

6.77 

7-645 

Block  tin,  - ~ - 

4 

3-79 

7.321 

Zinc,.  _ _ _ - 

4 

1.42 

; 7.065 

Glafs  of  antimony,  - 

3^ 

0*89 

5.280 

German  antimony. 

2 

SfOA 

4.000 

Diamond,  - - - 

I 

15.48 

3.400 

Clear  glafs,  - - - 

I 

13.16 

3-150 

White  marble,  - 

I 

9.06 

2.707 

Rock  cryftal,  - - 

I 

8.61 

2.658 

Green  glafs. 

I 

8.26 

2.620 

Cornelian  fhone. 

I 

7-73 

2.568 

Flint,  - - - - 

I 

7*53 

2.542 

Native  fulphur. 

I 

2.52 

2.000 

Nitre,  - - - - 

I 

1.59 

1.900 

Alabafter,  - - - 

1 

1*35 

1-875 

Dry  ivory,  - - - 

I 

0.89 

1.825 

Alum,  - - - - 

0 

15.72 

I.7I4 

Ebony,  _ - - 

0 

10.34 

1.117 

Human  blood,  - - 

0 

9.76 

1.054 

Amber,  - - - 

0 

9-54 

1.030 

Cow’s  milk  - - 

0. 

9-54 

1.030 

Sea- 
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A cubic  inch  of 

Avoirdup.  weight. 

Oz.  Drachms, 

Comparative 

weight. 

Sea-water,  - - - 

0 

9-54 

1.030 

Pump-water, 

0 

9.26 

I.OOO 

Spring-water,  - 

0 

9.25 

0.999 

Diftilled  water. 

0 

9.20 

0.993 

Proof  fpirits. 

0 

8.62 

0.931 

Dry  oak,  - - 

0 

8.56 

0.925 

Olive  oil,  - - - 

0 

8.45 

0.913 

Oil  of  turpentine,  - 

0 

7-33 

0.772 

Cork,  - - - - 

0 

2.21 

0.240 

In  this  Table  pump-water  has  been  confidered  as  the 
ftandard,  to  which  the  fpecific  gravities  of  various  folids 
and  fluids  are  compared ; the  fpecific  gravity  of  pump- 
water  is  therefore  confidered  to  be  i,  and  the  numbers 
of  the  fame,  viz.  of  the  laft  column,  fhew  the  fpecific  gra- 
vities of  the  bodies  againfl:  which  they  are  marked ; thus 
we  findj  that  German  antimony  is  four  times  heavier  than 
pump-water,  that  alum  is  only  feven  hundred  and  four- 
teen thoufand  parts  of  a time  heavier  than  water,  &c. 

Some  fubftances,  efpecially  thofe  which  are  obtained  by 
art,  and  are  much  compound,  vary  confiderably  in  their 
fpecific  gravities.  Such  are  the  metallic  ores,  the  mineral 
acids,  wines.  See. ; hence  their  fpecific  gravities  cannot  be 
properly  expreffed  in  tables ; but  whenever  it  is  necelTary 
to  know  the  fpecific  gravity  of  any  fubftance  of  that  fort, 
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the  experiment  fhould  be  tried  with  the  very  fame  fpeci- 
men  in  hand. 

It  muft  be  obferved,  that  even  the  fpecific  gravities  ex- 
preffed  in  the  table  are  fubjed:  to  fome  error, and  variation. 
Even  when  the  fubftances  are  very  homogeneous  and  pure, 
and  the  experiments  are  performed  very  accurately,  a fen- 
lible  difference  or  error  may  be  occalioned  by  a different 
degree  of  temperature  ; for  bodies  in  general  are  con- 
traded  by  cold,  and  expanded  by  heat,  and  thefe  expan- 
fions  and  contradions  are  by  no  means  proportionate  to 
their  fpecific  gravities.  . 

In  order  to  return  to  the  hydroftatic  propofition  men- 
tioned toward  the  beginning  of  this  chapter,  it  is  necef- 
fary  to  demonftrate  by  experiments  that  fiuids  prefs  not 
only  downwards,  but  alfo  fideways,  and,  in  fhort,  in  every 
diredion  whatever.  The  meaning,  as  well  as  the  truth 
of  this  affertion,  will  be  better  underftood  by  the  follow- 
ing experiments. 

A B C D,  fig.  4,  reprefents  a deep  tub  full  of  water  ;; 
E,  F,  G,  H,  I,  are  glafs  tubes  open  at  both  ends,  whofe 
lower  extremities^  excepting  that  of  E,  are  varioufiy  bent. 
The  tubes  E,  H,  and  I,  fhould  have  a capillary  bore 
the  others  may  be  of  any  diameter  whatever.  Now  dip. 
the  lower  extremity  of  the  capillary  tube  E into  quick- 
filver,  fo  that  a fmall  quantity  of  that  fluid  may  enter  in 
it. — This  fmall  quantity  of  quickfilver  will  remain  in  the 
tube,  although  the  tube  fhould  be  taken  out  of  the  cup 

containing 
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containing  the  quickfilver  This  done,  let  the  tube  E, 
containing  a fmall  quantity  of  quicklilver  near  its  lower 
orifice,  be  dipped  into  the  water  of  the  tub  A B C D, 
and  the  quickfilver  a h,  which,  when  the  tube  was 
out  of  the  water,  refted  near  its  lower  aperture,  will 
now  afcend  farther  up,  as  it  is  (hewn  by  the  figure ; and 
the  lower  the  tube  is  immerfed,  the  higher  the  quick- 
filver will  afcend,  being  impelled  by  the  water  ; which 
fhews  that  the  water  contained  in  the  tub  prefTes  up- 
wards as  well  as  downwards.  If  the  fame  experiments  be 
tried  with  the  other  tubes  F,  G,  H,  I,  viz.  a fmall  quan- 
tity of  quickfilver  be  introduced  into  their  lower  extre- 
mities, and  then  be  dipped  in  water,  it  will  be  clearly 
perceived,  that  the  water  in  the  tub  prefTes  not  only 
downwards  or  upwards,  but  in  every  poflible  direction  ; 
for  the  quickfilver  will  always  be  pufhed  backwards  from 
the  orifices  of  the  tubes,  however  they  may  be  inclined. 

* Whenever  one  extremity  of  a glafs  tube  having  a fmall  bore,  viz.  not 
greater  than  half  an  inch,  and  open  at  both  ends,  is  immerfed  in  water,  the 
furface  of  the  water  within  the  tube  will  be  found  to  be  confiderably  higher 
than  the  furface  of  the  furrounding  water.  This  height  is  greater  when  fmaller, 
and  lefs  when  larger  tubes  are  ufed ; it  being  in  the  inverfe  proportion  of  the 
diameters  of  the  tubes  : thus,  if  the  furface  of  the  water  within  a given  glafs 
tube  is  one  inch  above  the  level  of  the  furrounding  water,  the  height  of  the 
water  within  another  tube,  whofe  diameter  is  half  that  of  the  former,  will  be 
two  inches.  This  afcent,  &c.  is  more  or  lefs  obfervable  with  other  fluids  alfo, 
and  is  owing  to  the  attraftion  exifting  between  glafs  and  the  particles  of  fluids. 
It  is  commonly  known  under  the  name  of  capillary  attraction-,  becaufe  with  tubes 
that  have  a very  fmall  bore,  like  a hair,  this  fufpenfion  of  water  or  other  fluids 
is  very  confpicuous ; it  amounting  to  feveral  inches. 
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The  reafon  why  the  tubes  E,  H,  and  I,  muft  have  a 
capillary  bore,  is,  that  the  quickfih^er  might  not  drop  out 
of  them,  but  might' be  fufpended  in  virtue  of  the  capillary 
attradlion. 

From  thefe  obfervations  it  follows,  that  when  a perfon 
dives  in  water,  that  fluid  prelTes  upon  every  part  of  the 
furface  of  his  body,  and  not  only  upon  thofe  parts  which 
happen  to  be  upwards ; and  alfo,  that  if  a flopped  empty 
bottle,  being  very  thin  and  eafy  to  be  broke  on  one  flde 
only,  be  dipped  in  water,  it  is  in  equal  danger  of  being 
broke  by  the  prefliire  of  the  water,  whether  the  weak  part 
be  put  downwards,  upwards,  or  in  any  other  fltuation. 

If  the  above-mentioned  experiments  be  repeated  when 
the  tub  A B C D is  filled  with  any  other  fluid  inflead 
of  water,  or  with  a mixture  of  different  fluids,  as  oil,  wa- 
ter, fpirit  of  wine,  &c.  the  fame  effeds  will  be  obferved, 
only  more  or  lefs,  viz.  the  prefflire  will  be  greater  or  lefs, 
according  to  the  various  fpecific  gravities  of  the  fluid  em- 
ployed. 

The  fecond  hydroflatical  propofition  is,  that  fluids  prefs 
accordmg  to  their  perpeftdicular  altitudes^  whatever  their 
quantities  may  be^  or  however  the  vejfels  that  contain  them 
may  be  figured.  Thus,  if  the  bottoms  B C,  and  F G,  of 
two  veflels  ABC,  and  D E F G,  fig.  5,  are  equal,  and  the 
veflels  are  filled  equally  high  both  with  water,  or  any  other 
fluid ; viz.  the  perpendicular  heights  of  the  fluid  in  both 
veflels  are  equal ; the  bottom  B C,  of  the  veffel  ABC, 
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will  fuftain  an  equal  degree  of  prefTure  with  the  bottom 
F G,  of  the  other  veffel,  notwithftanding  that  the  veffel 
D E F G may  perhaps  contain  ten  or  twenty  times  as 
much  water  as  the  veflel  ABC. 

In  order  to  demonftrate  this  propolition,  fuppofe  that 
the  ftraight-fided  velTel  A B C D,  fig.  6,  ftanding  per- 
pendicular upon  a table,  be  filled  with  water  as  far  as  its 
middle  E F ; the  bottom  C D,  in  that  cafe,  will  fuftain 
the  preflure  occafioned  by  the  weight  of  that  water.  But 
if  the  veflel  be  quite  filled,  by  pouring  as  much'  more  wa- 
ter in  it,  then  it  is  plain  that  the  bottom  will  fuftain  a 
preflure  greater  than  it  did  before,  and  exadlly  the  double 
of  that.  Thus,  if  this  veflel  was  fuppofed  to  be  much 
higher,  and  equal  portions  of  water  were  fucceifively 
poured  in  it,  the  bottom  C D would  fuftain  degrees  of 
prefTure  exadly  proportional  to  thofe  quantities  of  water^ 
and  to  the  perpendicular  heights  of  the  water  ; for  in  this 
cafe,  viz.  when  the  fides  of  the  veflfel  ftand  perpendicular, 
equal  quantities  of  water  will  fill  equal  perpendicular 
heights  of  the  vefTel. 

Now  fuppofe  that  the  twa  equally  high  vefTels  GHEF,, 
and  IKNO,  fig.  7,  quite  filled  with  water,  had  their  bot- 
toms EFNO,  equal  tO'  one  another,  and  were  fet  upon  an 
horizontal  table.  I fay,  that  the  bottom  E F,  of  the  vef- 
fel G H E F,  fuftains  as  much  prefTure  as  the  bottom 
N O,  of  the  vefTel  I KL  N O ; viz.  that  if  the  prefTure 
upon  the  bottom  E F,  is  equal  to  2olb.  weight,  the  pref- 
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fure  upon  the  bottom  N O,  is  alfo  equal  to  2olb,  al- 
though  the  vefTel  I K N O,  contains  many  times  more 
water  than  the  veflel  G H E F. — From  the  extremities 
I,  K,  of  the  mouth  of  the  larger  veflel,  drop  the  two  per- 
pendicular lines  JL,  KM,  to  meet  the  extended  bottom 
NO,  in  L and  M ; and  alfo  from  the  extremities  N and  O 
of  the  bottom  rife  the  perpendiculars  NP,  OQ,  to  touch 
the  furface  of  the  water  : then  fuppofe,  that  the  veflTel 
I K N O is  changed  into  the  ftraight-flded  veflTel 
IKLM,  wholly  filled  with  water.  In  this  cafe  it  is 
plain  that  the  portions  LN,  NO,  OM,  of  the  bottom 
will  each  fuftain  the  preflTure  of  their  refpedive  perpendi- 
cular colums  of  water,  viz.  L N fuftains  the  preflTure  of 
the  pillar  of  water  IPLN ; NO  fuflains  the  prelTure  of 
the  pillar  of  water  PQNO;  and  OM  fuftains  the  pref- 
fiire  of  QKOM.  Now,  if  we  imagine  that  the  part  LN 
of  the  bottom  is  changed  into  IN,  it  is  plain,  that  this 
alteration  will  not  change  the  preflTures  on  the  other  parts 
NO,  OM,  of  the  bottom;  fo  that  in  this  cafe  NO  will  fuf- 
tain the  fame  degree  of  prclTure  it  did  before;  and  the  water 
IPN  will  prefs  upon  I N. — The  fame  thing  may  be  faid  of 
the  part  OM  of  the  bottom,  viz.  it  may  be  conceived  to 
be  changed  into  KO,  &c.  So  that  NO,  howfoever  large 
may  the  top  IK  be,  does  always  fuftain  the  preflTure  of  a 
column  of  water,  whofe  bafe  is  equal  to  NO,  and  whofe 
perpendicular  height  is  PN,  that  is,  the  perpendicular 
height  of  the  water  contained  in  the  veflel. 
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In  the  other  cafe,  viz.  of  the  vefTel  G H E F,  draw  the 
four  perpendicular  right  lines  AE,  BE,  CG,  DH,  from  the 
extreme  points  of  the  bottom,  and  of  the  mouth  of  the 
vefTel,  and  fuppofe,  that  the  vefTel  G H E F is  changed 
into  the  vefTel  A B E F,  intirely  filled  with  water.  In 
this  cafe  it  is  plain,  that  the  bottom  E F fuflains  the  pref- 
fure  of  the  column  of  water  ABEF,  equal  to  PQNO  ; for 
we  fuppofed  above,  that  E F was  equal  to  N O,  and  that 
the  perpendicular  height  of  the  water  in  both  vefTels  was 
alfo  equal,  viz.  GC  equal  to  PN. — Now  that  the  prefTure 
upon  the  bottom  EF  is  the  fame  when  the  water  ABEF, 
or  GHEF,  is  upon  it,  may  be  underflood  by  imagining, 
that  in  the  firfl:  cafe  the  parcels  of  water  AGE,  and  HBF, 
are  the  fides  which  confine  the  water  GHEF ; for  any 
parcel  of  water  may  be  conceived  to  be  kept  in  by  the 
reft  of  the  water,  which  every  way  furrounds  it,  as  in  a 
vefTel.  By  the  fame  way  of  reafoning  we  may  conclude, 
that  the  water  contained  in  any  vefTel,  however  irregular, 
prefTes  upon  the  bottom  with  a force  equivalent  to  the  co- 
lumn of  water,  having  the  faid  bottom  for  its  bafis,  and 
the  perpendicular  height  of  the  water  for  its  altitude. 

From  this  principle  the  following  corollaries  may  be  de- 
duced. I.  That  in  vefTels  whieh  have  an  equal  bottom, 
and  the  perpendicular  heights  of  fluid  of  the  fame  fort, 
contained  in  each,  are  equal  ; the  prefTures  upon  their 
bottoms  are  alfo  equal.  II.  That  in  vefTels  that  have 
equal  bottoms,  and  unequal  perpendicular  heights  of  fluid 
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of  the  fame  fort,  the  prefTures  upon  their  bottoms  are  in 
the  proportion  of  thofe  perpendicular  heights ; fo  that  if 
the  perpendicular  height  of  the  fluid  in  one  veflel  is  dou- 
ble, treble.  See.  that  of  the  other,  the  preflure  upon  its 
bottom  will  be  refpedlively  twice,  thrice,  &c.  as  great  as 
the  preflure  fuftained  by  the  bottom  of  the  other  veflel. 
III.  That  in  veflfels  whofe  bottoms  are  unequal,  but  con- 
tain an  equal  perpendicular  depth  of  fluid  of  the  fame 
fort,  the  preflTures  fuftained  by  their  bottoms  are  in  the  pro- 
portion of  the  furfaces  of  the  faid  bottoms.  IV.  That  in 
veflfels  having  unequal  bottoms,  and  containing  unequal 
perpendicular  depths  of  fluid  of  the  fame  fort,  the  pref- 
fures  fuftained  by  their  bottoms  are  to  one  another  in  the 
compound  ratio  of  the  refpeeftive  perpendicular  depths  of 
the  fluid,  and  of  the  furfaces  of  the  faid  bottoms ; thus, 
if  the  bottom  of  a veflfel  A is  twice  as  large  as  the  bottom 
of  another  veflfel  B,  and  the  perpendicular  height  of  the 
fluid  in  A is  equal  to  three  times  that  of  the  fluid  in  the 
veflel  B ; the  preflfure  fuftained  by  the  bottom  of  A will 
be  flx  times  greater  than  that  fuftained  by  the  bottom  of 
the  veflfel  B.  V.  Laftly,  in  veflfels  having  unequal  bottoms, 
containing  fluids  of  different  fpecific  gravities,  and  of  dif- 
ferent depths  j the  preflfures  fuftained  by  their  bottoms  are 
to  one  another  in  the  compound  ratio  of  the  fpecific  gra- 
vities of  the  fluids,  of  the  perpendicular  heights  of  thofe 
fluids,  and  of  the  furfaces  of  the  refpeeftive  bottoms. 
Th.ua,  if  a veflfel  A contains  a fluid  half  as  heavy  as  that 
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contained  by  another  vefTel  B,  if  the  perpendicular  height 
of  the  fluid  in  A is  equal  to  four  times  the  perpendicular 
height  of  the  fluid  in  B,  and  the  bottom  of  A is  half  as 
large  as  the  bottom  of  B,  the  preflures  fuftained  by  the 
faid  bottoms  are  equal. 

We  fhall  now  fliew  the  truth  of  this  propofltion  (viz. 
that  fluids  prefs  according  to  their  perpendicular  heights)  by 
experiments.  Take  a glafs  tube  of  about  one  inch  or 
more  in  diameter,  open  at  both  ends,  and  let  it  be  bent 
in  the  fhape  reprefented  by  ABE,  fig.  8 ; then,  holding  it 
with  the  arched  part  downwards,  pour  fome  water  into  it, 
fo  as  not  to  fill  it  intirely.  The  water  will  afcend  in 
each  leg  to  the  fame  level  CD.  Now  in  this  experiment 
one  may  fay,  that  the  water  rifes  to  the  fame  level  in  each 
leg,  becaufe  it  is  counterbalanced  by  an  equal  quantity  of 
water  in  the  oppofite  leg  ; but  in  order  to  fhew  that  the 
water  in  one  leg  rifes  to  the  fame  level  with  that  in  the 
other  leg  (becaufe  then  they  balance  each  other  by  their 
equal  perpendicular  heights,  and  not  by  their  quantities) 
let  the  experiment  be  repeated  with  another  bent  tube, 
one  leg  of  which  is  many  times  wider  than  the  other,  like 
that  reprefented  fig.  9,  and  it  will  be  found  that  the  wa- 
ter will  afcend  to  the  fame  level  in  both  legs  of  this  tube, 
as  well  as  it  did  in  the  legs  of  the  tube  fig.  8,  Now  it 
is  plain,  that  if  fluids  prefled  by  their  quantities,  the  fur- 
face  of  the  water  in  the  leg  C of  the  tube  fig.  9,  ought  to 
be  much  higher  than  the  furface  of  the  water  in  the  op- 
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pofite  leg  \ becaufe  the  quantity  of  water  contained  in  the 
leg  A,  being  many  times  greater  than  that  of  the  other 
leg,  ought  to  preponderate,  and  pufh  the  water  in  that 
other  leg  upwards ; but  the  water,  or  any'  other-lingle 
fluid,  in  each  leg  comes  to  the  fame  level ; therefore  fluids 
prefs  according  to  their  perpendicular  heights. 

From  this  it  appears,  that  if  pipes  that  communicate 
together  are  ever  fo  oddly  fhaped,  as  they  are  reprefented 
fig.  lo,  the  water,  or  other  fluid  that  is  put  into  them,, 
will  rife  to  the  fame  level  in  each  pipe. 

When  fluids  of  different  fpeciflc  gravities,  and  that  do 
not  mix  and  incorporate  together,  are  put  in  fuch  circum- 
flances  as  to  balance  each  other,  then  their  preflures  muff: 
be  eftimated,  not  only  from  their  perpendicular  heights, 
but  alfo  from  their  fpeciflc  gravities.  Take  a glafs  tube, 
flg.  II,  fhaped  like  that  in  flg.  8 or  9,  it  being  of  no  con- 
fequence  whether  one  leg  of  it  be  equal  or  wider  than  the 
other,  and  pour  fome  quickfllver  in  it,  which  will  rife  to 
the  fame  level  CD  in  each  leg,  for  reafons  fliewn  above; 
but  if  fome  water  be  poured  in  one  leg,  for  inftance  B,  of 
this  tube,  the  quickfllver,  in  confequence  of  this,  will  not 
rife  in  the  oppoflte  leg  A to  the  fame  level  with  the  fur- 
face  of  the  water  in  the  leg  B,  but  it  will  reft  about  E, 
and  its  other  furface  refts  about  F in  the  leg  B,  whilft  the 
water  occupies  the  fpace  F G ; its  furface  G being  much 
higher  than  the  furface  E of  the  quickfllver  in  the  leg  A. 
The  reafon  of  this  is,,  becaufe  the  quickfllver  is  much  hea- 
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vier  than  water,  and  as  its  fpeciiic  gravity  is  to  the  fpecific 
gravity  of  water  as  14  to  i nearly,  it  follows,  that  a co- 
lumn of  quickhlver  is  balanced  by  a column  of  water 
fourteen  times  higher ; accordingly  it  will  be  found,  that 
the  column  of  water  G F is  fourteen  times  higher  than 
the  column  of  quickfilver  EH^. — If  inftead  of  water,  fome 
other  fluid  lighter  than  water,  as  oil,  fpirit  of  wine,  &c. 
was  poured  upon  the  quickfllver  into  the  leg  B,  its  column 
G F would  be  ftill  greater  in  proportion  to  the  column 
EH  of  quickfllver.  In  fhort,  the  perpendicular  height 
GF  of  one  fluid,  is  to  the  perpendicular  height  EH  of  the 
other  fluid  (meafuring  thefe  heights  always  from  the 
level  HF,  where  the  furfaces  of  thofe  two  fluids  touch  each 
other)  in  the  inverfe  ratio  of  their  fpecific  gravities.  Thus, 
if  the  fpecific  gravity  of  the  fluid  in  the  leg  A is  to  the 
fpecific  gravity  of  the  fluid  in  the  leg  B as  a to  the  per- 
pendicular height  of  the  former  is  to  the  perpendicular 
height  of  the  latter,  viz.  EH  is  to  GF,  as  b to  a. 

From  this  experiment  the  judicious  reader  may  eafily 
deduce  a method  of  finding  the  fpecific  gravities  of  divers 
fluids. 

* This  column  muft:  be  eftimated  from  E to  the  level  FTF  of  the  furface  F 
of  the  quickfllver  in  the  other  leg  B. 


CHAP. 


1 82  Hoe  principal  Properties  of  elafiic  Fluids, 


CHAP.  II. 


^ jPiew  of  the  Preffure  of  Fluids  aBually  exijlingin  Nature, 

IN  the  preceding  chapter  we  treated  of  Hydroftatics  in 
as  compendious  a manner  as  feemed  coniiftent  with 
perfpicuity  ; fhewing  the  principal  laws  of  that  fcience,  by 
means  of  fuch  reafoning  and  experiments  as  could  be  un- 
derftood  and  performed  by  perfons  unacquainted  with  ma- 
thematics, and  not  much  verfed  in  experimental  phi- 
lofophy.  But  in  the  prefent  chapter  we  fhall  confider  the 
force,  laws,  and  effects  of  the  natural  preffure  of  fluids, 
efpecially  of  the  atmofpherical  air,  which  gravitates  with 
an  immenfe  weight  upon  the  furface  of  our  terraqueous 
globe,  and  in  confequence  of  which  preffure  the  greatefl: 
part  of  the  phenomena  continually  obferved,  do  exifl:.  A 
perfon  not  converfant  with  natural  philofophy  will  un- 
doubtedly wonder,  when  he  hears  that  his  body  is  con- 
tinually preffed  by  a weight  of  many  hundred  pounds ; 
and  his  admiration  will  be  much  increafed,  when  he  is  told, 
that  fliould  that  preffure  be  removed,  it  would  prove  his 
immediate  death. — But  the  reafon  of  our  not  feeling  any 
pain  from  that  enormous  weight,  the  laws  of  its  variations, 
and  other  effeds,  will  be  fhewn  in  the  fequel. 

The  whole  furface  of  the  earth,  together  with  the 
animals,  plants,  and  in  fliort  every  thing  that  exifls 
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thereon,  are  furrounded  by  an  invifible  fluid  called  air.y  in 
the  fame  manner  as  the  flflies,  aquatic  plants,  &c.  that 
are  in  the  fea,  are  furrounded  by  water.  The  aquatic  bo- 
dies are  continually  prefihd  by  the  water ; which  preflure 
is  more  or  lefs,  according  to  the  perpendicular  height  of 
the  water  above  them;  and  after  the  fame  manner  bodies 
out  of  the  water  are  continually  prefled  by  the  weight  of 
the  air,  which  weight  varies  according  to  the  air’s  perpen- 
dicular height,  and  other  caufes  to  be  mentioned  hereafter. 
A flfli  in  the  fea  is  not  prefled  downwards  more  than  it  is 
upwards  by  the  weight  of  the  fuperincumbent  water,  be- 
caufe  the  preflure  of  fluids,  as  we  faid  above,  is  propagated 
in  every  direction  ; and  that  prelTure  cannot  fqueeze  the 
fifh  inwardly,  becaufe  the  fluids  of  the  body  of  that  ani- 
mal counterad:  it  : fo  that  the  fifh,  and  every  thing  elfe 
thrown  into  the  fea,  cannot  fall  to  the  bottom,  except  it 
is  fpecifically  heavier  than  fea-water.  In  the  fame  man- 
ner an  animal  upon  the  furface  of  the  earth  is  neither 
prefled  towards  the  earth,  nor  feels  any^  pain  from  the 
preflure  of  the  fuperincumbent  air,  becaufe  that  prelTure 
is  exerted  on  every  fide,  and  is  counteradted  by  the  air 
within  the  body;  fo  that  an  animal  is  prefled  as  much 
downwards,  as  he  is  preflTed  upwards  by  the  weight  of  the 
air,  and  the  furface  of  his  body  is  prefled  inwardly  by  the 
preflure  of  the  ambient  air,  as  much  as  it  is  prefied  out- 
wardly by  the  internal  air  and  other  fluids.  Hence,  if  an 
animal,  or  any  thing  elfe,  left  free  in  the  air,  falls  to  the 
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ground,  it  falls' only  becaufe  it  is  fpecifically  heavier  than 
air.  Was  it  fpecihcally  lighter,  it  would  afcend  upwards; 
and  this  is  the  reafon  why  fmoke,  and  other  light  bodies, 
afcend  into  the  air,  viz.  becaufe  they  are  fpecifically 
lighter  than  air.  But  fuppofe  that  the  air  was  exhaufted 
from  a large  veflel,  and  then  by  fome  means  a quantity  of 
fmoke  was  introduced  into  the  veffel ; the  fmoke  in  that 
cafe  would  fall  to  the  bottom  of  the  vefiTel ; in  the  fame 
manner  as  a piece  of  cork,  which  being  left  in  the  middle 
of  a tub,  would  afcend  when  the  tub  is  full  of  water,  and 
would  fall  to  the  bottom  when  the  tub  is  empty. 

From  this  principle  it  follows,  what  in  fad  is  eafily 
proved  by  experiments,  viz.  that  bodies  of  every  fort  ap- 
pear to  be  heavier  in  vacuo  than  _in  air ; for  inftance,  if  a 
piece  of  metal,  or  any  other  matter,  weighs  one  ounce  in 
air,  it  will  weigh  fomething  more  than  one  ounce  when 
weighed  under  the  exhaufted  receiver  of  an  air-pump ; for 
bodies  in  air  gravitate  with  only  the  difference  between 
their  real  weights  and  the  weights  of  fuch  quantities  of 
air  as  are  equal  to  their  own  bulks,  in  the  fame  manner, 
and  for  the  fame  reafons,  by  which  bodies  weigh  lefs  in 
water  than  in  air. 

The  whole  mafs  of  air  which  furrounds  the  earth,  to- 
gether with  the  clouds,  and  other  bodies  that  float  in  it, 
is  called  atmofphere.  In  order*  to  render  the  preffure  of 
the  atmofphere  fenfible,  the  counteradion  of  that  preffure 
muft  be  removed  from  one  fide  of  a body  proper  for  the* 
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experiment.  Thus,  if  one  end  of  a glafs  tube,  open  at 
'both  ends,  be  immerfed  in  water,  or  any  other  liquor,  the 
furface  of  the  liquor  within  the  tube  will  be  at  the  fame 
level  with  that  of  the  liquor  without  (excepting  the  dif- 
ference which  may  be  occafioned  by  the  capillary  attrac- 
tion, in  cafe  tubes  having  a fmall  bore  are  ufed)  be- 
caufe  the  atmofphere  prefles  alike  upon  the  water  within 
as  upon  that  out  of  the  tube  ; but  apply  the  lips  to  the 
other  extremity  of  the  tube,  and  fuck  the  air  out  of  it ; 
then  the  liquor  will  immediately  rife  within  the  tube,  be- 
caufe  fome  of  the  air  being  exhaufted  from  the  tube,  the 
preflure  of  the  atmofphere  upon  the  liquor  within  is  di- 
minifhed but  the  prellure  on  the  outlide  liquor  is  the 
fame  as  before ; therefore  it  follows,  that  the  liquor  in 
the  tube  muft  be  impelled  upwards.  Inftead  of  the  lips, 
an  air-pump,  by  means  of  a bent  tube,  may  be  eafily  ap- 
plied to  exhauft  the  air. 

Let  this  experiment  be  tried  with  quickhlver,  and  a 
glafs  tube  above  three  feet  long;  and  it  will  be  found, 
that  according  as  the  air  is  exhaufted,  the  quickftlver  rifes 
within  the  tube,  but  when  it  is  arrived  to  a certain  height, 
viz.  about  thirty  inches  above  the  furface  of  the  quick  • 
ftlver  in  the  baftn,  there  it  flops ; and  although  the  ex- 
hauftion  of  the  air  from  within  the  tube  be  carried  to  a 
great  degree  by  any  poftible  means,  the  quickftlver  cannot 
be  made  to  rife  any  higher.  This  fhews  that  the  prefTure 
of  a column  of  the  atmofphere  is  equivalent  to  the  pref- 
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fure  of  a column  of  quickfilver  about  thirty  inches  high, 
and  of  the  fame  bafe.  Hence  it  appears,  that  if  the  earth,^ 
inftead  of  its  aerial  atmofphere,  was  furrounded  by  an  at- 
mofphere  of  quickfilver,  only  thirty  inches  high,  it  would 
fuftain  the  fame  preffure  it  actually  does  from  the  real  at- 
mofphere. 

If  the  above-mentioned  experiment  be  tried  with  water 
and  a very  long  tube,  it  will  be  found,  that  the  water  will 
not  rife  higher  than  about  thirty-five  feet,  viz.  fourteen 
times  thirty  inches,  fourteen  times  the  height  at  which 
quickfilver  will  afcend,  becaufe  quickfilver  is  about  four- 
teen times  heavier  than  water  ; and  if  a column  of  the  at- 
mofphere balances  a column  of  quickfilver  thirty  inches 
high,  it  mufl:  balance  a column  of  water  fourteen  times  as 
high,  which  is  equal  to  thirty-five  feet. 

From  this  it  appears  why,  in  fucking  water-pumps,  the 
water  under  the  pifton  cannot  rife  higher  than  thirty-five 
feet  above  the  furface  of  the  water  in  the  well.  Indeed 
in  common  pumps  the  water  does  not  rife  near  fo  high, 
becaufe  the  piftons  of  thofe  inftruments  are  not  made  fo 
nice  as  to  exhauft  the  air  fo  well  as  an  air-pump. 

From  this  principle  we  deduce  an  eafy  method  of  com- 
puting the  prefTure  of  the  atmofphere  upon  the  furface  of 
any  body  ; for  a column  of  quickfilver  about  thirty  inches 
high,  and  one  inch  in  diameter,  weighs  about  151b.  and 
a half;  and  as  a column  of  the  atmofphere  balances  a co- 
lumn of  quickfilver  of  about  thirty  inches  perpendicular 
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height;  therefore  we  conclude,  that  the  prefTure  of  the 
atmofphere  is  equal  to  about  1541b.  per  fquare  inch  of 
furface : hence,  if  the  furface  of  a given  body  is  equal  to 
four  fquare  inches,  the  atmofphere  preffes  upon  it  with  a 
weight  of  621b.  (i.  e.  four  times  1541b.) 

The  abfolute  weight  of  the  air  is  found  in  the  follow- 
ing manner  : — A glafs  bottle  of  known  dimenfions  is 
weighed,  both  when  filled  with  common  air,  viz.  as  it  is 
naturally  when  kept  open  in  the  air,  and  when  emptied 
of  air,  viz.  after  that  the  air  has  been  exhaufted  from  it 
by  means  of  a good  air-pump  ; the  difference  of  which 
weights  is  the  real  weight  of  a quantity  of  air  equal  to  the 
capacity  of  the  bottle.  Thus  it  has  been  found,  that  a 
quart  meafure  of  air,  taken  near  the  furface  of  the  earth, 
weighs  16  grains.  But  a quart  meafure  of  water  weighs 
about  914  times  as  much;  therefore  the  fpecific  gravity 
of  air,  taken  near  the  furface  of  the  earth,  is  to  the  fpe- 
cific gravity  of  water  as  i to  914,  nearly. 

The  great  difference  to  be  remarked  between  the  me- 
chanical properties  of  air,  and  of  water,  is,  that  air  is  a 
very  elaftic  fubftance,  whereas  water  is  not  elaftic  viz. 
water,  and  moft  vifible  fluids,  do  not  contract  into  a fmaller 
fpace  when  they  are  compreffed.  By  means  of  proper  in- 

* Having  remarked,  towards  the  beginning  of  this  book,  that  water,  ftriftly 
fpeaking,  is  compreflible  j but  that  its  degree  of  compreffibility  is  fo  exceedingly 
fmall,  that  it  can  be  but  juft  rendered  fenfible  by  very  nice  experiments ; v/e  may, 
fafely  enough  for  our  purpofe,  confider  it  as  uncomprefiible. 
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ftruments,  a ftrong  veffel  may  be  made  to  hold  eight,  ten, 
or  many  more  times  as  much  air  as  it  holds  in  a natural 
Hate.  In  that  cafe,  the  preflure  of  the  air  within  the  vef- 
fe),  or  the  airs  endeavour  to  expand,  adls  againft  its  fides; 
and  if  the  veffel  is  not  fufficiently  ftrong,  it  may  be  eaftly 
broke  by  that  means  ; for  that  preft’ure  is  many  times 
greater  than  the  outward  preflure  of  the  atmofphere.  It 
is  very  remarkable,  that  the  air,  by  being  kept  highly 
Gompreffed  for  a long  time  in  proper  veffels,  lofes  nothing 
of  its  elafticity;  fo  that  whenever  the  preflfure  that  con- 
fined it  into  a fmall  fpace,  is  removed,  it  returns  again  into 
its  natural  ftate  of  denfity,  viz.  occupies  as  much  fpace  as 
it  did  in  the  fame  circumftances,  before  it  was.  com- 

The  air  near  the  furface  of  the  earth,  fuftaining  the 
preflfure  of  the  fuperincumbent  air,  is  condenfed  into  a 
much  fmaller  fpace  than  it  would  occupy  if  that  preflfure 
was  removed  ; but  the  air  higlier  up,  as  it  fuftains  lefs 
preffure,  is  lefs  condenfed  ; fo  that  the  denfity  of  air  is 
greateft  in  the  bottoms  of  pits,  wells,  or,  in  fhort,  where 
it  is  neareft  to  the  center  of  the  earth;  and.it  becomes  grar 
dually  more  and  more  rare,  as  it  is  farther  from  the  center 
of  the  earth.  Accordingly  we  find,  that  a bottle  filled 
with  air  on  the  top  of  a high  mountain,  weighs  lefs  than 
when  it  is  filled  with  air  about  the  middle  of  the  moun- 
tain, and  ftill  lefs  than  when  it  is  filled  in  a place  level 
with  the  fea,  or  lower. 
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The  water  near  the  bottom  of  a veffel  filled  with  it,  is 
of  the  fame  denfity  with  the  water  above ; hence,  if  the 
prefiure  of  the  water  near  the  bottom  of  the  vefi'el  is  af- 
certained  by  means  of  a bent  glafs  tube  containing  quick- 
filver,  or  otherwife,  and  the  fpecific  gravity  of  the  matter, 
is  known,  the  depth  of  the  water  in  the  velTel  will  thereby 
be  alfo  known,  without  adlually  meafuring  it : for  fuppofe 
that  the  column  of  quickfilver  raifed  in  the  tube  by  the 
prefiure  of  the  water  is  10  inches  high  ; quickfilver  isr 
fourteen  times  as  heavy  as  water  ; therefore  it  follows, 
that  the  depth  of  the  water  in  the  vefiTel  is  ii  feet,  8 inches, 
viz.  fourteen  times  10  inches. 

After  the  fame  manner,  if  the  air  was  equally  denfe,  and 
confequently  equally  heavy,  at  any  diftance  from  the  fur- 
face  of  the  earth,  we  could  eafily  know  the  height  of  the 
atmofphere  above  the  earth  ; for  it  is  known  that  the 
prelTure  of  the  atmofphere  balances  a column  of  quick- 
filver about  30  inches  high  ; it  is  alfo  known,  that  the 
fpecific  gravity  of  air  is  to  the  fpecific  gravity  of  quick- 
filver as  I to  I 2,7q6  *.  In  that  cafe,  therefore,  the  height 
of  the  atmofphere  would  be  12,796  times  30  inches,  viz. 
31,990  feet.  But  as  the  denfity  of  the  air  decreafes  ac- 
cording to  its  diftance  from  the  center  of  the  earth,  it  fol- 

* It  has  been  mentioned  above,  that  water  is  914  times  as  heavy  as  air,  and 
that  quickfilver  is  14  times  as  heavy  as  water  j therefore  quickfilver  is  14  times 
914  times  as  heavy  as  air.  Multiply  914  by  14,  and  the  product  is  i2>796, 
which  number  Ihows  how  many  times  quickfilver  is  heavier  than  air. 
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lows,  that  the  real  height  of  the  atmofphere  muft  be  much 
greater.  Were  this  decreafe  always  uniform,  and  depend- 
ing only  upon  the  preffure  of  the  fuperincumbent  air,  we 
might  even  then  afcertain  the  height  of  the  atmofphere  ; 
but  becaufe  air,  independent  of  preffure,  is  contracted 
confiderably  by  cold,  and  alfo  expanded  by  heat,  and  as 
various  degrees  of  temperature  are  obfervable  at  different 
diftances  from  the  furface  of  the  earth,  we  have  no  certain 
data  from  which  we  may  calculate  the  real  height  of  the 
atmofphere. 

Mr.  Cotes,  confidering  the  condenfation  of  air  as  arif- 
ing  only  from  the  weight  of  the  fuperincumbent  air,  has 
fhewn,  that  the  denfity  of  the  air  decreafes  as  the  fquares 
of  the  diftances  from  the  furface  of  the  earth  ; fo  that  the 
air  at  3 miles  diftance  is  9 times  rarer  than  that  at  i mile ; 
the  air  at  10  miles  diftance  is  100  times  rarer  than  that  at 
I mile,  &c." 

The  principal  laws  relating  to  the  elafticity  of  the  at-  , 
mofpheric  air,  are  the  following : I.  Air  is  condenfed  by 
preffure,  and  the  fpace  it  contracts  into  is  in  the  inverfe 
ratio  of  the  preffure ; thus,  if  one  pound  weight  confines 
a quantity  of  air,  which  in  a natural  ftate  occupies  the 
fpace  of  12  cubic  inches,  into  a fpace  equal  to  6 cubic 
inches  ; two  pounds  weight  will  reduce  it  into  3 cubic 
inches  ; three  pounds  weight  will  reduce  it  into  2 cubic 
inches,  &c.  The  experiments  hitherto  made  do  not  fhew 
the  ultimate  limit  of  th^  air’s  condenfation  ; for  after  hav- 
ing 
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ing  been  comprefTed  as  much  as  the  instruments  made  for 
that  purpofe  could  fuffer,  it  Still  Seemed  capable  of  much 
greater  compreSHon,  by  applying  a greater  force.  Neither 
prefiure  nor  cold,  or  indeed  any  other  means,  ever  exhi- 
bited air  in  the  form  of  a limple  Solid,  or  of  a vifible 
fluid.  II.  As  air  is  contradled  into  a Small  Space  by  pref- 
fure,  fo  it  expands  into  a greater  Space  when  the  preffure 
that  confines  it  is  removed.  The  limit  of  this  expanfion 
is  not  known ; for  the  experiments  hitherto  made  do  not 
Ihew  that  air  expanded  to  a certain  degree  is  not  capable 
of  farther  expanfion.  III.  The  elasticity  of  air  does  not 
Seem  to  be  impaired  by  long-continued  preffure  or  rare- 
faction ; fo  that  if  a given  quantity  of  air  is  kept  for  a long 
time  highly  comprefled,  or  very  much  rarefied,  it  will 
always  return  into  the  fame  given  quantity,  whenever  it  is 
put  into  the  fame  circumStances  it  was  before  the  com- 
preflion,  or  the  rarefaction.  IV.  Independent  of  preffure, 
air  is  rarefied  by  heat,  and  on  the  contrary,  is  contracted 
by  cold  ; although  this  rarefaction  or  condenfation  of  air 
by  heat  and  cold  only,  cannot  be  carried  to  fo  great  a 
degree  as  it  may  by  the  addition  or  removal  of  preffure. 
V.  The  gravity  of  the  atmofphere  varies  continually  ; fo 
that  if  at  one  time  it  balances  a column  of  quickfilver  of 
30  inches  perpendicular  height,  at  another  time,  it  ba- 
lances an  higher  or  Shorter  column  of  the  fame.  The  li- 
mits of  this  variation  are  28  and  31  inches,  in  places  nearly 
level  with  the  fea  , fo  that  the  Shortefl  column  of  quick- 
filver 
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filver  balanced  by  the  atmofphere  is  28,  and  the  higheft 
3 1 inches.  I have  heard  of  the  quickfilver  fometimes 
having  been  feen  lower  than  28,  or  higher  than  31  inches; 
but  thefe  extraordinary  cafes,  if  they  are  at  all  true,  hap- 
pen very  rarely. 

A glafs  tube  a little  more  than  31  inches  high,  clofed 
at  one  end,  accurately  filled  with  quickfilver,  and  im- 
merfed  in  a bafin  filled  with  the  fame,  has  been  called  a 
barometer^  which  fhews  the  gravity  of  the  atmofphere  at 
different  times ; for  as  the  furface  of  the  quickfilver  in  it 
is  never  lower  than  28,  nor  higher  than  31  inches  above 
the  furface  of  the  quickfilver  in  the  bafin,  a fcale  of  3 
inches,  ufually  divided  into  tenths,  and  by  means  of  a 
nonious  into  hundreds  of  an  inch,  is  affixed  to  the  tube 
From  28  to  3 1 inches  above  the  furface  of  the  quickfilver 
in  the  bafin  ; by  which  means  the  height  of  the  quick- 
filver in  the  tube,  i.  e.  the  gravity  of  the  atmofphere  at 
different  times,  may  be  obferved  to  a great  exa<Sl:nefs. 

Thefe  laws  relating  to  the  air’s  elafticity  will  be  illuf- 
trated  by  the  following  experiments  and  explanations. 

Take  a glafs  tube,  not  lefs  than  half  an  inch  in  dia- 
meter, in  the  fhape  of  A B D E,  fig.  12,  hermetically 
clofed  at  A,  and  holding  it  with  the  curvature  down- 
wards, pour  a fmall  quantity  of  quickfilver  in  it,  fo  as 
barely  to  fill  the  horizontal  part  D E,  in  order  to  confine 
the  air  in  the  cavity  A D of  the  tube  ; and  as  the  furface 
of  the  quickfilver  near  E is  on  the  fame  level  with  that 
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at  D,  we  may  conclude,  that  the  air  in  A D is  not  prefled 
by  any  other  weight  befldes  that  of  the  atmofphere,  viz, 
the  barometrical  height  of  the  quickfllver  at  the  time  of 
making  the  experiment.  Now  let  more  quickfllver  be 
poured  into  the  leg  B E,  which  will  comprefs  the  air  in 
A D,  and  will  conflne  it  into  a fmaller  fpace  AC.  The 
whole  weight,  therefore,  that  condenfes  the  air  into  the 
fpace  AC,  is  the  column  of  quickfllver  in  the  leg  B E 
(reckoning  it  from  the  furface  F,  to  G,  the  level  of  the 
furface  C of  the  quickfllver  in  the  other  leg)  more  the 
barometrical  height,  viz.  the  natural  preflTure  of  the  at- 
mofphere. Thus,  by  pouring  more  quickfllver  into  the 
leg  B E,  the  weight,  that  preflTes  upon  the  air  in  AC,  may 
be  increafed  at  pleafure ; but  it  will  be  conftantly  found, 
that  the  fpace  A C,  into  which  the  air  is  condenfed,  is  to 
the  fpace  A D,  occupied  by  the  fame  quantity  of  air  in  a 
natural  flate,  as  the  barometrical  height  of  the  quick- 
fllver (viz.  as  the  force  which  compreflbd  the  air  whilfl;  it 
was  contained  in  the  fpace  A D)  to  the  barometrical 
height  of  the  quickfllver,  and  the  height  of  the  column 
F G (viz.  to  the  weight  which  cornprefles  the  fame 
quantity  of  air,  whilfl:  it  is  contained  in  the  fpace  A C)  ; 
which  evidently  fhews,  that  the  fpace  which  air  poflTeflTes 
is  inverfely  as  the  force  that  conflnes  it. 

In  this  manner  air  may  be  compreflTed  as  much  as  the 
clafs  tube  will  bear. 

The  leg  A D of  the  tube  in  this  experiment  is  fup- 
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pofed  to  be  perfedly  cylindrical ; otherwife  the  fpaces 
occupied  by  the  air  cannot  be  meafured  by  the  length  of 
the  tube. 

It  is  almoft  needlefs  to  mention,  that  air  comprefTed 
becomes  more  denfe,  heav^ier,  &c. ; it  being  obvious,  that 
a given  quantity  of  air,  confined  in  half  the  fpace  it  na- 
turally occupies,  muft  become  twice  as  denfe,  muff  be 
twice  as  heavy  as  it  was  before,  muft  offer  a greater  re- 
fiftance  to  the  motion  of  bodies  in  it,  &c. 

The  expanfion  of  air,  when  the  preffure  of  the  atmo- 
fphere  is  removed,  is  fhewn  by  all  the  experiments  com- 
monly made  with  the  air-pump,  the  conflrudlion  and  ufe 
of  which  inftrument  is  defcribed  in  a great  many  books. 
By  thofe  experiments  it  appears,  that  after  taking  out  of 
the  cavity  of  a given  receiver  the  greateft  part  of  the  air 
contained,  the  frnall  portion  of  it,  that  laflly  remains,  is 
equally  expanded  throughout  the  cavity  of  the  receiver, 
without  being  more  denfe  at  the  bottom  than  at  the  top 
of  it. 

In  order  to  fhew  that  heat  rarefies  the  air,  let  the  tube 
B E D C,  fig.  I 2,  ufed  in  the  preceding  experiment,  when 
the  air  confined  in  it  by  quickfilver  occupies  the  fpace  AC, 
be  brought  near  the  fire,  and  it  will  immediately  appear 
that  the  air  in  A C is  rarefied  by  the  heat,  becaufe  the 
furface  C of  the  quickfilver  is  gradually  lowered.  But  if, 
inftead  of  bringing  the  tube  near  the  fire,  it  be  carried 
into  a, cold  place,  or  the  part  AD  be  put  in  fnow,  the 
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confined  air  will  be  immediately  contracted  into  a fpace 
lefs  than  A C,  and  the  quickfilver  will  accordingly  rife 
above  its  former  place  C. 

Take  a common  bladder,  and  by  blowing  throw  fome 
air  in  it,  fo  as  not  to  fill  it  quite ; but  let  it  remain  rather 
flaccid.  Then  tie  the  neck  of  it,  and  bring  it  near  the 
fire  ; by  which  means  the  air  contained  in  the  bladder 
will  be  expanded,  as  will  appear  by  the  diftenfion  of 
the  bladder.  If  the  heat  is  fuch  as  to  rarefy  the  air  within 
the  bladder  more  than  the  bladder  can  bear,  the  elafticity 
of  the  expanded  air  will  burfl;  it,  with  great  violence  and 
noife. 

This  admirable  property  of  the  air,  viz.  of  being  eafily 
expanded  by  heat,  and  coiitraCled  by  cold,  is  the  prin- 
cipal if  not  the  foie  caufe  of  winds ; it  keeps  the  air  about 
us  continually  agitated,  by  which  means  the  putrid  and 
oflenfive  effluvia,  arifing  from  corruption  of  matters,  ex- 
halations, refpiration,  fermentation,  &c.  are  providentially 
fwept  and  removed  from  us. — Air  heated  in  one  part  of 
the  world  becomes  lighter,  confequently  afcends,  and 
other  heavier  and  colder  air  fupplies  its  place.  If  the  air 
in  one  place  becomes  colder,  by  the  fetting  of  the  fun,  or 
other  caufes,  it  contraCls  into  a fmaller  fpace,  and  the 
hotter  air  from  the  circumjacent  places  runs  towards  that 
part.  Thus  the  winds  are  formed,  which  are  weak,  ftrong, 
periodical,  changeable,  &c.  according  to  the  duration, 
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intenfity,  and  direction  of  thofe  caufes,  which  rarefy  or 
condenfe  the  air  by  heat  and  cold. 

To  render  the  circulation  of  air  fenhble,  let  the  air  of 
a room  be  heated  by  a ftrong  fire,  whilft  the  air  of  a con- 
tiguous room  is  cold ; then  let  the  door  between  thefe 
two  rooms  be  opened,  in  which  cafe  the  hot  air  of  one 
room,  being  lighter,  will  pafs  through  the  upper  part  of 
the  opening  of  the  door  into  the  cold  room  ; and,  on  the 
contrary,  the  cold  air  of  the  other  room,  being  heavfier, 
will  pafs  into  the  former  room  through  the  lower  part  of 
the  opening ; accordingly  it  will  be  found,  that  applying 
a lighted  candle  at  the  top,  in  the  middle,  and  at  the 
lower  part  ot  the  opening  between  the  two  rooms,  a ftrong 
current  of  air  will  appear  to  pafs  from  the  hot  into  the 
cold  room  near  the  top ; a contrary  current  of  air  will 
appear  to  pafs  from  the  latter  into  the  -former  room  near 
the  lower  part  of  the  faid  opening ; whilft  in  the  middle 
there  is  little  or  no  motion  at  all ; as  may  be  clearly  per- 
ceived by  the  diredion  of  the  fiame  of  the  candle. 

It  is  for  the  fame  reafon,  that  when  the  fire  is  lighted  in 
a chimney,  a ftrong  current  of  air  is  occafioned  to  enter 
the  room,  which  may  be  felt  by  applying  the  hand  near 
the  key- hole,  or  other  fuch  fmall  openings,  if  the  doors- 
and  windows  are  fhut ; for  the  air  over  the  fire  being 
heated  becomes  lighter,  and  afcends  into  the  chimney,, 
confcquently  other  colder  air  muft  fupply  its  place,  which 
forces  its  way  through  all  the  fmall  openings  it  can  find. 

Were 
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Were  a room  with  a fire  in  it  to  be  perfedlly  clofed,  ex- 
cepting  the  chimney,  the  air  in  it  would  foon  become  un- 
wholefome  for  refpiration,  and  the  fire  would  be  foon  ex- 
tinguiflied,  befides  other  inconveniences.  Hence  it  ap- 
pears, that  thofe  perfons  miftake,  who  expect  to  keep  the 
air  of  a room  fweet  and  wholefome,  efpecially  for  conva- 
lefcents,  by  accurately  flopping  all  the  fmalleft  openings 
that  admit  frefh  air. — When  the  current  of  air  that  enters 
into  a room  is  on  fome  fide  of  it  where  it  falls  immedi- 
ately upon  the  perfons  who  fit  in  the  room,  then  it  may 
be  offenfive,  efpecially  to  delicate  conftitutions.  In  that 
cafe,  fuch  opening  fiiould  be  clofed;  but  at  the  fame  time 
another  opening  fiiould  be  made  for  admitting  frefii  air,, 
in  another  more  convenient  part  ; for  a circulation  of 
air,  el].iecially  in  rooms  where  a fire  is  kept,  is  not  only 
falutary  and  ufeful,  but  is  abfolutely  necefiary. 

In  an  ingenious  publication,  entitled  A PraEiical  TEi^ea- 
tife  on  Chim?teys^  there  are  the  following  remarks  relating 
to  the  properefl  method  of  admitting  air  into  a room,  and 
of  expelling  the  contaminated  air.  The  author,  directing 
to  make  a vent-hole  near  the  top  of  the  room,  in  order  to 
expel  the  heated  and  contaminated  air,  “ Thh^fays  he^ 

‘‘  might  be  done  by  means  of  a fmall  tube  opening  into 
“ the  room,  either  in  or  near  the  ceiling  ; which  might 
“ either  be  carried  to  tire  top  of  the  building,  or  be  made 
“ to  communicate  with  the  external  air  by  a fmall  per- 
“ foration  through  the  wall  at  the  roof  of  the  room,  by  , 
3 means 
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**  means  of  either  of  which  a proper  circulation  would  be 
eftabliihed,  and  the  foul  air  be  carried  off. 

“ For  the  fire  would  no  fooner  have  warmed  any  par- 
‘‘  tides  of  air  within  the  room,  than  thefe  would  be 
“ greatly  expanded,  and  rife  immediately  upwards,  fo  as 
‘‘  to  fill  the  higher  parts  of  the  room  with  rarefied  air  ; — 
‘‘  and  as  other  particles  would  be  fuccefiively  heated  and 
‘‘  rarefied  in  their  turn,  by  their  expanfive  force,  they 
“ would  prefs  upon  the  fides  of  the  apartment  in  every 
‘‘  place,  fo  as  to  force  the  lighted:  particles  through  the 
opening  left  for  that  purpofe  in  the  top  of  the  room  ; 
“ by  which  means  the  fouled;  air  would  be  gradually 
“ drawn  off,  without  defcending  again  into  the  lower 
“ regions,  to  the  annoyance  of  the  company.” 

- But  in  order  to  admit  frefh  air  into  the  room,  Let, 
“ fays  hey  another  opening  be  made  in  the  ceiling  of  the 
“ room,  having  a communication  with  a fmall  pipe  that 
“ fhould  lead  from  thence  either  to  the  outfide  of  the 
wall,  or  to  any  other  part  of  the  building  that  might 
‘‘  be  judged  more  convenient,  where  it  fhould  be  bent, 
and  condu(ded  downwards,  till  it  reached  the  ground  ; 
‘‘  where  it  fhould  be  left  open,  to  communicate  with  the 
“ external  air. — In  this  fituation  the  cool  external  air 
“ would  be  forced  in  at  the  lower  opening  of  the  tube  *, 

“ and 

* Such  readers  as  have  been  little  accuftomed  to  fpeculations  of  this  fort, 
“ will  be  at  a lofs  to  comprehend  in  what  manner  two  holes,  both  of  them  in 
“ the  roof  of  the  room,  and  communicating  with  the  air,  without  any  valve, 
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and  made  to  afcend  into  tlie  apartment  in  proportion 
“ to  the  quantity  that  efcaped  towards  the  higher  regions 
‘‘  by  means  of  the  ventilator. — And  as  that  weighty  air 
would  no  fooner  enter  the  room,  than  it  would  tend 
“ towards  the  floor  by  its  own  natural  gravity,  it  would 
“ gradually  mix  with  the  heated  air  in  its  defcent — be- 
“ come,  in  fome  meafure,  warmed  by  that  means,  and 
“ equally  difperfed  through  the  room,  fo  as  flowly  and 
“ imperceptily  to  reach  the  candles  and  die  company  in 
“ the  room,  and  fupply  them  with  a fuflicient'  quantity 
“ of  frefli  and  wholefome  air,  without  the  inconveniences 
“ to  which  the  company  are  fubjedled  by  the  ufual  way 
“ of  admitting  frefli  air.  For  if  it  enters  near  the  floor 
“ of  the  apartment,  it  is  hurried  along  in  a rapid  undi- , 
vided  flream  towards  the  Are-place,  and  flrikiiig 
“ upon  the  legs  and  interior  parts  of  the  body,  afledls 


“ or  other  contrivance,  for  opening  or  clofing  of  themfelves,  fhoukl  yet  anfv/er 
“ the  two  very  oppofite  purpofes  ; one  of  conftantly  bringing  cool  air  into  the 
“ room,  without  emitting  any  warm  air— and  the  other,  of  as  conftantiy  cmic- 
“ ting  warm,  and  admitting  no  cool  air.  They  will  pleafe  to  advert,  that  the 
“ one  of  thefe  tubes  communicates  with  the  atrnofpliere  at  the  bottom  of  the 
“ houfc,  and  the  other  tov/ards  the  :op : — The  opening  of  the  one  is  beneath 
“ the  level  of  the  room,  that  of  the  other  above  it.  Now  as  the  air  is  more 
“ denfe  at  the  furface  of  the  ground  thaii  at  any  height  above  it,  the  warm 
“ rarefied  air  will  naturally  ilTue  at  that  opening  where  it  meets  with  leaft  re- 
“ fiftance,  which  mull  invariably  be  through  that  wliich  opens  to  the  external 
“ air  at  the  greatell  height  j and  as  the  cool  air  will  naturally  be  prelTed  into 
“ the  room  by  that  opening  where  the  air  is  mod  weighty  j this  mull  invariably 
“ be  by  that  which  is  nearell  the  furface  of  the  earth.” 
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them  with  a ftrong  fenfation  of  cold.  To  overcome 
“ the  effects  of  this,  large  fires  mull  be  kept;  by  which 
“ other  parts  of  the  body  are  warmed  to  an  extraordinary 
“ degree,  which  is  produdive  of  mofi:  of  thofe  diforders 
that  are  pernicious  to  the  young,  and  often  prove  fatal 
“ to  the  old,  during  the  winter- feafon,  in  thefe  cold  re- 
“ gions. 

“ Thus  might  our  apartments  be  kept  conftantly,  and 
“ moderately,  and  equably  warm,  at  a moderate  expence, 
“ without  endangering  our  health  on  the  one  hand,  by 
“ refpiring  a confined,  ftagnant,  and  putrid  air — or, 
“ on  the  other  hand,  by  fubjedting  ourfelves  to  fuch 
“ danger  of  catching  colds,  confumptions,  and  rheumatic 
“ complaints,  by  being  expofed  to  fuch  exceedingly  un- 
“ equal  degrees  of  heat  and  cold,  as  are  unavoidable 
where  our  apartments  are  fo  open  as  to  admit  a ready 
“ paflage  to  the  external  air  during  the  winter  feafon. 

“ The  reader  will  eafily  perceive,  that  all  that  has  been 
“ here  faid  has  a reference  only  to  thofe  apartments  in 
cold  climates,  and  rigorous  weather,  where  fire  to  warm 
“ them  becomes  neceflary. — In  warmer  regions,  or  dur- 
“ ing  the  fu miner- feafon,  there  can  be  no  objection  to 
the  wheel-ventilator  in  the  window. — It  is  a limple 
“ contrivance,  and  a fafe  and  effetflual  mean  of  preferv- 
“ ing  the  air  in  our  apartments  fweet  and  wholefome  at 
“ that  feafon.” 

It  is  a vulgar  error  among  many  people,  to  believe  that 
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fire  purifies  the  contaminated  air,  by  deftroying  the  nox- 
ious particles  mixed  with  it ; and  for  this  reafon  they 
think,  that  the  fire  kept  in  a room  where  the  air  is  tainted, 
purifies  the  room,  by  rendering  the  air  in  it  again  fit  for 
rcfpiration.  Indeed,  a fire  kept  in  a room  or  apartment 
where  the  air  is  tainted,  as  is  the  cafe  with  hofpitals, 
gaols,  and  the  like,  does  certainly  purify  the  apartment, 
and  the  pradlice  is  very  ufeful  ; but  this  efie6i;  is  only  be- 
caufe  the  fire  promotes  the  circulation  of  the  air,  and  dries 
the  dampnefs  of  rooms,  furniture,  &c. ; fo  that  it  is  not 
the  infedled  air  that  is  purified,  but  is  new,  frelli,  and 
-wholefome  air,  that  by  the  action  of  the  fire  has  taken 
the  place  of  the  infeded  air  ; which  infedled  air,  being 
rarefied  by  the  heat,  has  been  expelled  from  the  apart- 
ment. Fire  and  combuftion  in  general,  as  will  be  fhewn 
in  the  fequel,  is  fo  far  from  purifying  contaminated  air, 
that  it  adlually  contaminates  a prodigious  quantity  of 
it  in  a fiiort  time  ; fo  that  not  only  a common  fire, 
but  even  a lighted  candle,  when  kept  in  a well-clofed 
room,  wherein  the  external  air  has  not  a free  accefs, 
inftead  of  purifying,  renders  the  air  of  that  room 
noxious. 

It  now  remains  to  mention  fome  interefting  particulars 
relating  to  the  change  of  the  atmofphere’s  prefiure,  viz.  to 
the  different  heights  of  the  quickfilver  in  the  barometer 
at  different  times.  The  obfervations  and  experiments 
hitherto  made  in  regard  to  this  difficult  and  interefting 
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point  of  natural  philofophy,  do  only  point  out  lome  phje- 
nomena  concomitant  to  thofe  changes,  but  by  no  means  dif-  • 
cover  their  caufe.  That  the  reader  may  be  left  at  liberty 
to  inveftigate  this  caufe  by  himfelf,  I fhall  add  the  prin'- 
cipal  general  obfervations  made  with  the  barometer 
after  which  I fhall  barely  mention  a few  hints,  which  may 
aflift  that  inveftigation. 

It  was  mentioned  above,  that  the  motion  of  the  quick- 
filver  in  the  barometer  is  only  between  28  and  3.1  inches 
the  mean  of  which  is  291  inches  : fo  that  by  the  barometer 
being  low,  we  mean,  that  the  quickfilver  in  it  ftands  at 
fome  point  between  28  and  291.  inches;  and  by  the  ba- 
rometer being  high,  that  the  quickfilver  flandis  above 
291  inches. 

I.  In  ferenc,  fettled,  good  weather,  and  efpecially  in  calm 
frofly  weather,  the  barometer  has  been  obferved  to  ftand 
generally  high.  II.  On  the  contrary,  in  calm  weather, 
when  the  atmofphere  is  inclined  to  rain,  the  barometer  is 
generally  low.  IIL  Upon  very  violent  winds,  although 
it  does  not  rain,  the  barometer  is  generally  lower  than  at 
any  other  time ; but  it  feems  to  have  fome  reference  to 
the  point  of  the  compafs,  upon  which,  the  wind  actually  • 
blows  ; for  at  particular  places  the  quickfilver  finks  very 
low  when  the  wind  blows  hard  from  one  quarter  only, 
but  not  when  it  blows  from  other  quarters,  IV.  After 
violent  ftorms  of  wind,  when  the  barometer  has  been  low, 
it  commonly  rifes  very  faft.  V.  Laftly,  thefe  variations 
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are  much  more  fenfible  in  northerly  places  than  in  thofc 
that  are  more  foutherly.  In  the  Weft  Indies,  and  generally 
in  all  places  within  the  tropics,  the  barometrical  varia- 
tion is  hardly  fenftble.  Indeed,  at  the  time  of  hurricanes, 
the  quickftlver  finks  very  low ; but  thefe  extraordinary 
ftorms  happen  perhaps  only  once  in  two  or  three  years, 
and  are  of  fhort  duration. 

As  the  barometer,  by  its  being  low  at  the  approach  of 
ftorms  and  rainy  weather,  and  on  the  contrary,  by  its  be- 
ing  high  in  good  weather,  in  a great  meafure  predicts  the 
ftate  of  the  weather  ; it  has  been  called  the  weather-glafs^ 
and  the  words  formy  weather^,  faivy  fettled^  variable^  &c. 
are  ufually  written,  upon  the  fcales  of  common  barometers, 
againft  thofe  heights  at  which  the  quickftlver  more  ufually, 
though  not  invariably,  ftands  in  thofe  particular  ftates  of 
the  weather. 

The  variations  of  the  prefTure  of  the  atmofphere  are 
not  only  perceived  by  means  of  the  barometer,  but  they 
do  fenftbly  affedl  various  animals,  efpecially  of  the  human 
fpecies.  Thus,  in  ferene,  clear  weather,  when  the  atmo- 
fphere is  more  heavy,  we  are  generally  more  chearful  and 
vigorous  ; the  greater  weight  of  the  atmofphere  bracing 
our  fibres  much  better  : but  in  foul  and  rainy  weather, 
when  the  barometer  is  low,  we  are  generally  languid  and 
dull ; the  air  inclofed  within  the  body,  being  counter- 
balanced by  a lefs  external  weight,  diftends  the  body,  oc- 
caftons  flatulencies,  pains,  uneaftnefs,  &c.  Thefe  efledis 
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are  more  fenfibly  felt  by  old  people,  and  convalefcents, 
whofe  conftitution,  being  enfeebled,  becomes  fenlible  of 
any  the  leafi:  variation.  Hence  it  is,  that  fome  people  can 
predid:  tjhe  changes  of  the  weather  almofl:  as  well  as  a ba- 
rometer. It  mufl  however  be  acknowledged,  that  the 
uneahnefs,  and  other  fymptoms,  obferved  upon  our  bodies 
in  bad  weather,  are  in  great  meafure  alfo  owing  to  the 
dampnefs  of  the  air  at  that  time. 

Dr.  Halley  fuppofes,  that  the  principal  caufe  of  the 
variable  gravity  of  the  atmofphere  is  from  the  changea- 
bility of  winds  ; fo  that  within  the  tropics,  the  wind  be- 
ing generally  periodical,  and  in  one  diredlion,  the  baro- 
meter fhews  very  little  variation  ; but  in  places  more 
northerly,  as  is  the  cafe  here  in  England,  the  wind 
changes  very  often,  accordingly  the  variation  of  the  baro- 
meter is  more  fenlible  ; but  yet  this  variation  of  the  wind, 
and  of  the  barometer,  feem  not  to  coincide  together  fo 
well  as  to  put  the  affertion  out  of  doubt. 

When  the  barometer  is  low,  it  is  fuppofed  that  it  moflly 
rains ; becaufe  the  atmofphere,  being  lighter  than  at  other 
times,  is  not  capable  to  buoy  the  aqueous  particles  fo  well 
as  it  does  when  it  is  heavier,  in  which  ftate  it  is  moflly 
ferene  weather. — This  conjedfure  is  ingenious  and  natural; 
but  fuppofe  that  in  ferene  weather  a ftorm  approaches, 
the  quickfilver  in  the  barometer  finks  ; — the  florm  pafTes 
beyond  the  horizon,  and  the  quickfilver  again  rifes  to  its 
former  degree.  Now  in  this  cafe,  it  is  difficult  to  fay, 
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whether  the  ftorm  happened  in  confequence  of  the  air 
becoming  fuddenly  lighter,  or  the  air  is  become  lighter  in 
confequence  of  the  ftormy  clouds  approaching.  Perhaps 
elediricity  has  fome  connedion  with  the  change  of  gravity 
of  the  atmofphere.  In  ferene  clear  weather,  efpecially  when 
it  is  cold  and  frofty,  the  eledricity  of  the  atmofphere  is 
very  ftrong ; but  in  rainy,  warm,  and  clofe  weather  the  at- 
mofpherical  eledricity  is  fcarcely  fenfible.  Some  perfons 
imagine  that  there  is  a tide  in  the  atmofphere,  analogous 
to  the  tide  of  the  fea,  as  they  (viz.  the  tide  of  the  fea  and 
variation  of  the  atmofphere’ s preffure)  coincide  fo  far  as  to 
be  both  lefs  fenfible  in  places  neareft  to  the  equator,  than 
in  other  parts  more  remote  from  it.  This  fuppofition  is 
not  void  of  probability  ; but  the  variation  of  the  barometer 
does  by  no  means  feem  to  coincide  with  the  periodical 
motion  of  the  moon  or  fun,  as  the  fea-tide  does.  Perhaps 
the  different  gravity  of  the  atmofphere  depends  upon  all 
thefe  caufes  together ; fo  that  its  variation  fhould  be  de- 
duced from  an  eflimate  of  the  adion  of  the  winds,  of  the 
adion  of  eledricity,  and  of  the  period  of  the  fuppofed 
tide,  befides  the  difference  which  may  alfo  arife  from  heat 
and  cold. 

Omitting  to  deferibe  the  conftrudion  of  particular  ba- 
rometers, and  alfo  of  their  ufe  for  meafurino;  the  heio-hts 
of  mountains,  6cc.  as  things  foreign  to  our  purpofe ; I 
fhall  conclude  this  chapter  with  a few  experiments,  fhew- 
ing  fome  ufes  of  the  preffure  of  the  atmofphere  in  our 
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■experimental  inquiry  on  the  nature  and  properties  of 
elaftic  fluids. 

It  was  mentioned  above,  that  if  one  end  of  an  open 
glafs  tube  be  immerfed  in  quickfilver,  and,  by  means  of 
an  air-pump  applied  to  the  other  aperture  of  the  tube,  the 
air  be  exhaufted  from  it,  the  quickfilver  will  rife  in  the 
tube  as  far  as  about  30  inches  perpendicular  height ; but 
this  experiment  may  be  made  more  eafily  without  the  air- 
pump,  in  the  following  manner  : — Take  a glafs  tube,  not 
lefs  than  three  feet  in  length,  and  clofed  at  one  end.  Fill 
it  entirely  with  quickfilver ; then  put  your  finger  upon 
the  open  end  of  it ; turn  that  end  downwards,  and  im*- 
merfe  it,  together  with  the  finger,  in  a fmall  bafin,  alfo  full 
of  quickfilver,  fo  that  the  end  of  the  tube  may  be  a fhort 
way  below  the  furface  of  the  quickfilver  in  the  bafin. 
This  done,  flip  your  finger  off,  and  if  you  hold  the  tube 
perpendicular,  viz.  with  the  clofed  end  upwards,  and  the 
open  end  in  the  bafin,  the  quickfilver  will  remain  fuf- 
pendcd  in  it  between  28  and  31  inches  perpendicular 
height  above  its  furface  in  the  bafin.  The  remaining  part 
of  the  tube,  above  the  quickfilver,  is  void  of  air,  and  much 
more  fb  than  if  it  were  exhaufted  with  the  beft  air-pump  ; 
for  the  air-pump,  by  the  nature  of  its  conftrucftion,  muft 
always  leave  fome  fmall  portion  of  air  in  the  receiver  that 
is  exhaufted  with  it,  the  denfity  of  which  remnant  of  air 
is  always  equal  to  the  denfity  of  that  portion  which  the 
air-pump  exhaufted  by  the  laft  ftroke.  But  in  the  above- 
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mentioned  experiment,  generally  known  under  the  name 
of  the  Torricellian  experiment  *,  the  vacuum  is  much  more 
perfcA;  efpectaliy  if  the  quickiilver  be  boiled  in  the  tube, 
previous  to  inverting  it  (as  is  pradifed  in  the  conftrue- 
tion  of  the  beft  barometers)  in  order  to  expel  thofe  fmall 
portions  of  air,  whrch,  in  fpite  of  every  precaution,  do 
always  remain  between  the  furface  of  the  glafs  and  the 
quicklilver.  Indeed,  this  Torricellian  vacuum  is  the  moft 
perfed  vacuum  that  human  art  can  make  at  prefent.  It 
is  eafily  made,,  and  may  be  applied  to  various  philofophical 
purpofes. 

If  the  tube,  after  filling  it,  and  inverting  it  in  the  bafin, 
be  lifted  up  above  the  furface  of  the  quickfilver  in  the 
bafin,  the  air  will  foon  introduce  itfelf  into  the  tube,  and 
afeending  on  one  fide  of  it,  between  the  quickfilver  and  the 
glafs,  will  caufe  the  quickfilver  to  defeend,,  and  confe- 
quently  to  drop  out  of  the  tube. 

It  is  plain,  that  if  the  above-mentioned  experiment  be 
tried  with  a tube,  a vial,  or  any  receiver  fhorter  than  28 
inches,  on  inverting  it,  the  whole  cavity  of  the  receiver, 
or  tube,  &c.  will  remain  filled  with  quickfilver.  The 
fame  experiment  may  be  tried  with  water  inflead  of  quick- 
filver ; but  in  this  cafe,  in  order  to  make  a vacuum,  the 
tube  fhould  be  above  35  feet  long;  for  every  receiver, 

* Torricelli  is  the  name  of  a Philofopher,  who  diftinguifhed  himfelf  for  his 
affiduous  invcftigaiion  of  the  nature  and  laws  of  the  air’s  preflure. 
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which  does  not  meafure  fo  [much,  on  being  inverted,  will 
^.remain  intirely  filled  with  water. 

By  this  means  we  may  eafily  confine  a quantity  of 
common  air,  or  other  elaftic  fluid,  and  alfo  change  it 
from  one  receiver  into  another  without  letting  it  mix  with 
the  atmofphere. — Take  any  common  glafs-receiver,  a glafs- 
vial,  or  any  veflel  of  the  like  fort,  fill  it  with  water,  then 
put  your  finger,  or  the  open  hand,  upon  the  mouth  of  it, 
fo  as  to  let  no  water  drop  out,  and  invert  it  in  a bafin 
of  water,  fo  as  the  mouth  of  the  veflel  may  be  a little  way 
below  the  furface  of  the  water  in  the  bafin ; then  flip  off- 
the  hand,  and  the  glafs  will  remain  quite  filled  with 

^ V 

water,  although  it  is  all  out  of  the  water  in  the  bafin, 
excepting  its  mouth.  This  glafs-receiver,  fo  filled,  is  re- 
prefented  fig.  13.  If  it  be  afked,  what  power  keeps  the 
water  in  the  glafs  fo  elevated  above  the  water  in  the  bafin 
A B ? we  anfwer,  that  it  is  the  weight  of  the  atmofphere, 
which  preffes  upon  the  furface  of  the  water  in  the  bafin. 
This  may  be  eafily  proved,  by  introducing  the  apparatus 
ABC,  as  it  (lands  under  the  receiver  of  an  air-pump, 
and  exhaufting  the  air  from  it ; for  then  the  atmofpherical 
preffure  upon  the  furface  of  the  water  in  A B being  re- 
moved, the  water  will  defcend  from  within  the  glafs  C D. 
Now  fuppofe  that  fome  air  is  required  to  be  kept  for  fome 
time  in  this  glafs-receiver  ; — take  a fmall  velTel,  as  a tea- 
cup, plunge  it  in  the  water  of  the  bafin  A B,  but  with  the 
mouth  downwards,  in  which  cafe  the  air  will  not  efcape 
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from  it ; then  lift  the  glafs  C D from  the  bottom  of  the 
bahn,  but  not  fo  high  as  to  come  out  of  the  water ; bring 
the  cup  under  it,  and  there  turn  the  cup  with  the  mouth 
upwards,  in  which  cafe  the  air  will  efcape  out  of  it,  and 
will  afcend  to  the  upper  part  of  the  glafs  C D,  where  it 
may  be  kept  for  any  length  of  time,  it  being  confined  by 
the  water.  The  cup  is  not  required  to  be  kept  in  the 
bafin  any  longer,  after  that  has  been  emptied  of  its  air. 
If  the  glafs  C D,  when  the  water'  is  firft  poured  in  it,  be“ 
not  quite  filled,  then  be  fiopped  with  the  hand,  arid  be 
immerfed,  &c.  or  an  empty  receiver  be  fimply  imrrierfed 
with  its  mouth  in  water,  a quantity  of  common  air  will 
alfo  be  confined  in  that  receiver  by  the  water  in  the  bafin  ^ 
but  the  method  above  defcribed  is  not  only  more  precife, 
but  is  applicable  to  every  other  elaftic  fluid,  and  is  of  ge- 
neral ufe  in  performing  experiments  on  them ; I think, 
therefore,  it  will  not  be  improper  to  illuftrate  it  by  the  fig*. 
14  and  15,  in  order  that  the  reader  may  make  himfelf 
mafter  of  it,  previous  fo  his  proceeding  farther  in  the  per- 
formance of  more  difficult  experiments.  Fig.  14,  fhews 
the  receiver  filled  with,  and  immerfed  in  water,  but  kept 
fo  as  not  to  touch  the  bottom  of  the  bafin  or  tub,  toge- 
ther, and  the  inverted  cup  plunged  in  the  water;  where,  it 
may  be  obferved,  that  although  the  cup,  which'is  delineated 
as  if  it  were  tranfparent,  is  filled  with  air,  yet  the  water 
preffing  upon  that  air  condenfes  it  a little,  fo  that  the  wa- 
ter in  afeends  a little  way  within  the  cup.  Fig.  15, 
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fli^ws  the  air  which  comes  out  of  the  cup,- when  this  is  in- 
verted, and  being  lighter,  afcends  through  the  water  in  the 
form  of  bubbles,  to  occupy  the  upper  part  of  the  receiver  j 
whilft  at  the  fame  time  the  cup  is  filled  with  water.  .. 

It  is  almoft  needlefs  to  mention,  that  the  fame  experi- 
ments may  be  performed  with  quickfilver  inftead  of  wa.- 
ter ; but  whenever  quickfilver  is  ufed  in  fuch  experi- 
ments, care  fliould  be  taken  to  ufe  very  ftrong  receivers^ 
ftrong  cups,  &c.  and  alfo  to  manage  them  very  dextroully, 
otherwife  the  great  weight  of  the  quickfilver  will  endan- 
ger their  breaking. 


CHAP.  III. 

Containing  fome  effeSls  of  condenfed  and  rarefied  air,  and  a 
fummary  view  of  the  different  fiates  of  the  atmofpherical 
air  in  various  parts  of  the  world* 

SOON  after  the  difcovery  of  the  air-pump,  and  of  the: 

condenfing  engine,  philofophers,^  among  whom  the. 
famous  Boyle  particularly  diftinguifhed  himfelf,,  notwith- 
ftanding  the  many  imperfedtions  of  thofe  firft  inftruments,. 
began  to  examine  the  elFedts  of  rarefied  and  condenfed  air 
upon  various  bodies,  efpecially  animals  and  fluids ; thofe 

effeds 
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efFedls  being  not  only  remarkable  in  themfelves,  but  ex- 
plaining the  phenomena  of  various  natural  ftates  of  the  at- 
mofphere  in  divers  parts  of  the  world.  Upon  mountains, 
for  inftance,  the  air  is  much  more  rare  than  in  places  that 
are  level  with  the  fea ; accordingly  it  has  been  obferved, 
that  upon  very  high  mountains,  thick  fmoke,  inftead  of 
afeending,  defeends  till  it  arrives  to  that  region  of  the  at- 
mofphere  where  the  air  is  denfe  enough  to  keep  it  afloat. 
For  the  fame  reafon,  fmoke  alfo  defeends  into  the  half-ex- 
haufted  receiver  of  an  air-pump.  Perfons  who  travel 
over  very  high  mountains,  find  a very  fenfible  uneafinefs 
in  breathing,  arifing  from  the  rarity  and  levity  of  the  at- 
mofphere  at  thofe  elevated  regions ; fometimes,  efpecially 
when  they  firfi:  arrive  at  the  top  of  the  mountain,  the 
diftenfion  of  the  internal  air,  not  fufficiently  balanced  by 
the  external  prefTure  of  the  atmofphere,  occafions  them 
to  vomit,  often  even  blood  ; but  after  fome  time  they  be- 
come more  ufed  to  that  temperature  ; the  air  within  the 
body,  by  being  partly  emitted,  gradually  becomes  nearly 
of  the  fame  denfity  with  the  external  air,  and  the  difa- 
greeable  fymptoms  are  gradually  mitigated  to  a certain 
degree.  Now  thefe  effedls  of  rarefied  air  are  exadlly  imi- 
tated with  an  air-pump.  An  animal,  as  a moufe,  a bird, 
a kitten,  or  the  like,  being  put  into  the  receiver  of  an. 
air-pump,  (hews  his  refpiration  to  be  affedled,  when  not 
more  than  a fourth  or  fifth  part  of  the  air  contained  in 
the  receiver  has  been  exhaufted.  By  working  the  pump 
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farther,  the  animal  begins  to  vomit,  becomes  inflated, 
lofes  its  ftrength,  falls  gaping,  and  laftly  dies. 

In  order  to  proceed  regularly  in  the  account  of  the 
principal  eifecfls  of  rarefied  and  condenfed  air,  we  fliall 
begin  from  the  effedls  produced  upon  inanimate  bodies. 

When  liquors  of  various  forts,  as  for  inftance  water,  is 
put  into  any  cup  under  the  receiver  of  an  air-pump,  on, 
exhaufting  the  air,  the  liquor  fiiews  a kind  of  ebullition, 
many  bubbles  rifing  from  within  it,  which  break  near  the 
furface  ; but  this  ebullition  is  not  attended  with  any  fen- 
fible  beat,  the  bubbles  being  not  fleam  occafioned  by 
heat,  but  being  only  formed  by  fmall  portions  of  air,, 
which  collecfl  together  when  the  ufual  preflure  of  the  at- 
mofphere  is  removed,  and  expanding  into  large  bubbles, 
force  their  way  through  the  water.  Thus  we  learn  that 
water,  fpirit  of  wine,  animal  fluids,  and  mofl  other  fluids, 
efpecially  fermented  liquors,  contain  a confiderable  quan- 
tity of  air  concealed  amongfl  their  particles,  fo.  as  to  be 
invifible  to  us  whilfl  thus  mixed.  After  that  fome  elaflic 
fluid  has  been  exhaufled  from  a liquor,  if  the  air  be  again 
let  into  the  receiver  of  the  air-pump,  and  then  be  ex- 
haufted  anew,  without  altering  the  apparatus,  the  liquor 
will  not  fhew  any  ebullition,  or  a fcarcely  fenfible  one, 
becaufe,  having  lofl  all  the  air  it  contained  by  the  firfl 
exhauflion,  the  caufe  which  occafioned  that  ebullition  ia 
no  longer  exifting ; and,  in  order  to  let  the  liquor  imbibe 
again  as  much  air  as  it  contained  before  the  exhauflion,  it 
z muft 
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muft  be  expofed  to  air,  and  mufl:  be  agitated  fof  fbme 
time  in  it.  The  quantity  of  common  air  that  water  is 
capable  of  abforbing,  is  different  in  different  tempera- 
tures, and  under  various  preffures  of  the  atmofphere  ; but 
in  a temperate  degree  of  heat,  and  when  the  barometer  is; 
about  294-  inches,  it  may  be  efti mated  to  be  about  one  for- 
tieth of  the  bulk  of  the  water.  Dr.  Hales  fays,  to  be  one 
fifty-fourth  part,  and  the  Abbe  Nollet,  one  thirtieth  of 
the  bulk  of  the  water.  Water,  by  being  thus  mixed  with 
air,  is  faid  not  to  acquire  any  addition  of  bulk  ; but 
Muschenbroek  obferves,  that  air  abforbed  by  water  in* 
creafes  £6  very  little  the  bulk  of  the  water,,  that  it  is 
fcarcely  perceivable  by  very  nice  experiments..  It  is  not; 
to  be  wondered,  that  a mixture  of  water  and  air  fhould’ 
occupy  lefs  fpace  than  the  fum  of  both  their  bulks,  fince 
air,  which  is  fo  rare  a fluid,  may  be  fuppofed  to  fill  thofe 
interfaces,  which,  we  may  reafonably  fuppofe,  do  always 
exift  between  the  particles  of  water^  Otherwife,  we 
cannot  eafily  form  any  idea  of  a fluid.  But  this  pheno^ 
menon  is  very  common  in  ehymical  mixtures.  The  rea- 
der may  remember  what  was  faid  concerning  the  fpirit  of 
wine  in  the  preceding  pages.. 

In  the  third  part  of  this  work  will  be  mentioned  the 
quantity  of  air,  or  other  elaftic  fluid,  ufually  contained  in 
feveral  mineral  waters,  and  other  liquors,  together  with 
the  various  methods  pradifed  to  extradt  thofe  elaftic  fluids ;; 
but  in  general  it  is  impofllble  to  affert  with  precifion  the 

quantity 
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quantity  and  quality  of  elaftic  fluid  that  is  contained  in 
fpring,  rain,  river,  or  fl:agnating  water,  and  in  divers  other 
liquors  ; that  quantity  and  quality  varying  in  almofl;  every 
fpecimon,  according  to  many  different  circumftances. 

It  was  obferved  in  the  preceding  pages,  that  water  boils 
in  a degree  of  heat  equal  to  the  212°  of  Farenheit’s 
thermometer ; but  this  is  only  true  when  the  barometer 
ftands  at  30  inches ; for  under  a greater  or  lefs  preflure 
of  the  atmofphere,  the  degree  of  heat  at  which  water  boils 
is  fomewhat  different.  This  experiment  cannot  be  tried 
under  the  exhaufted  receiver  of  the  air-pump,  becaufe  the 
fleam  riling  from  the  water,  whilft  yet  hot,  is  an  elaftic 
fluid,  which  filling  the  receiver,  fruftrates  the  intention  of 
the  experiment ; but  it  has  been  tried  upon  mountains,  in 
pits,  and  alfo  upon  ground  nearly  level  with  the  fea,  at 
different  times,  when  the  quickfilver  in  the  barometer 
was  differently  high. 

From  various  obfervations  of  this  fort,  made  by  two  in- 
genious members  of  the  Royal  Society,  Mr.  De  Luc,  and 
Sir  George  Shuckburg,  the  following  table  has  been  de- 
duced ; which,  as  far  as  thofe  obfervations  reach,  fhews 
the  degree  of  heat  of  boiling  water  under  different  pref- 
fures  of  the  atmofphere. 


TABLE. 
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TABLE. 


Height  of  the 
barometer. 

Heat  of  bo 
accord 

Mr.  De  Luc. 

iling  water, 
ng  to 

5/rG.Shuckburg 

26, 

. 205,17 

204,91 

26,5 

206,07 

205,82 

27> 

206,96 

216,73 

27,5' 

207,84 

207,65 

28, 

208,69 

208,25 

28^5 

209,5.5 

209,^41 

29, 

210,38 

210,28 

29,5 

210,2 

211,15 

30, 

212,  ' 

212, 

30,5 

212,79 

212,85 

3I) 

213.57 

213.69 

The  degrees,  and  decimal  parts  of  a degree,  exprefled 
in  the  fecond  and  third  columns  of  the  table,  are  accord- 
ing to  Farenheit’s  thermometer.. 

From  thefe  obfervations  it  ‘appears,  that  when  good- 
thermometers  are  graduated,  the  height  of  the  barometer 
at  the  time  of  fixing  the  boiling-water  point  (which  is> 
generally  done  by  immerfing  the  thermometer  in  boiling 
water)  fhould  be  marked  on  them.  The  degree  of  tem- 
perature at  which  water  freezes,,  feems  to  be  always  the. 
fame,  under  different  degrees  of  gravity  of  the  atmofphere. 
A common  Farenheit’s  thermometer  being  immerfed  iit 

melting. 
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melting  fnow,  upon  a mountain  where  the  barometer  ftood 
at  about  24  inches,  the  quickhlver  in  it  fell  precifely  to 
3 2°,  as  it  ufed  to  do  in  places  level  with  the  fea 

When  the  prefliire  of  the  atmofphere  is  removed  from 
divers  bodies,  not  only  fluids,  but  alfo  confiftent  bodies, 
a quantity  of  common  air,  or  other  etaftic  fluid,  is  difen- 
gaged  from  them  \ thus  various  fluids,  the  flefh  of  ani- 
mals, eggs,  the  flocks  and  leaves  of  plants,  &c.  when  put 
under  the  receiver  of  the  air-pump,  yield  a conflderable 
quantity  of  elaflic  fluid,  which  is  evident  from  the  de- 
fcending  of  the  mercury  in  the  mercurial  gage  of  the  air- 
pump  when  the  exhauflion  is  intermitted.  It  is  alfo  made 
to  appear  very  clearly  by  putting  the  faid  bodies  into  a 
glafs  full  of  water,  and  introduced  under  the  receiver  of 
the  air-pump  ; for  in  this  cafe,  on  exhaufling  the  air  out 
of  the  receiver,  many  little  bubbles  of  air  will  appear  to 
come  o,ut  of  the  pores  of  thofe  bodies,  and  gradually  ex- 
panding themfelves,  force  their  way  to  the  furface-  of  the 
water,  where  they  break.  The  water  to  be  ufed  in  this; 
experiment  Ihould  be  previoufly  deprived  of  its  air,  by  ex- 
haufling it  with  the  air-pump,  or  by  boiling,  which  an- 
Avers  equally  well. 

Thus  we  fee  that  air,  or,  in  general,  an  elaflic  fluid,  is 
combined,  and  forms  part  of  all  fucculent  animal  and 
vegetable  fubftances,  and  may  be  extra<fled‘  from  them  by 
merely  removing  the  preflure  of  the  atmofphere ; but  it 

* See  the  Phil.  Tranf.  Vol.  LXIX,  page  365. 
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will  appear  in  the  fequel,  that  from  almofl  all  forts  of  bo- 
dies, even  from  very  hard  fubllances,  an  elaftic  fluid  of 
fome  fort  or  other  may  be  obtained,  by  other  means  dif- 
ferent from  the  mere  removal  of  the  atmofphere’s  prelTure. 
What  may  be  the  ufe  of  combining  thofe  elaftic  fluids 
with  almoft  every  fort  of  bodies,  and  in  what  ftate  they 
may  exift  in  thofe  combinations,  are  matters  that  deferve 
much  farther  experimental  inveftigation  than  has  been 
hitherto  employed  about  them.  It  is  certainly  wonder- 
ful to  conflder,  that  an  elaftic  fluid  is  contained  in  a given 
body  ; which  body,  inftead  of  being  thereby  inflated,  and 
ready  to  be  reduced  into  duft,  appears  fhriveled  and  con- 
flftent ; and  yet  the  elaftic  fluid,  when  feparated,  will  be 
found  to  occupy  a fpace  many  times  larger  than  the  body 
from  which  it  was  extracted  and  the  faid  body,  by  the 
lofs  of  the  elaftic  fluid,  inftead  of  acquiring  firmnefs,  be- 
comes lefs  conflftent : hence  it  appears,  that  thofe  elaftic 
fluids  are  rather  the  bonds  deftined  by  nature  to  keep  to- 
gether the  particles  of  bodies. 

We  fhall  conflder  thofe  interefting  particulars  in  more 
proper  places  of  this  work  ; for  the  prefent,  it  is  enough 
to  know,  that,  by  various  means,  elaftic  fluids  of  different 
natures  are  combined  with,  and  may  be  extracted  from, 

* When  a quantity  of  an  elaftic  fluid  is  faid  to  occupy  fuch  or  fuch  other 
fpace,  it  is  underftood,  that  it  is  adled  on  only  by  the  mean  preflTure  of  the  at- 
molphere,  viz.  when  the  barometer  ftands  about  29^  inches,  unlefs  the  contrary 
is  exprefsly  mentioned. 
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moft  natural  and  artificial  bodies,  even  the  hardeft  me- 
tals. 

It  muft  be  obferved,  in  regard  to  the  production  of 
elaftic  fluids,  occafioned  only  by  removing  the  prefliire  of 
the  atmofphere,  and  independent  of  fermentation  and 
other  means,  that  the  elaftic  fluid  thus  obtained  is,  in  ge- 
neral, much  lefs  in  bulk  than  the  body  from  which  it  has 
been  extracted.  Perhaps,  in  general,  only  this  quantity 
of  elaftic  fluid  exifts  amongft  the  particles  of  thofe  bodies 
that  yield  it,  in  its  natural  form,  only  feparated  into  fmall 
portions ; whereas  the  other  quantity  of  elaftic  fluid, 
otherwife  obtained,  which  moftly  exceeds  the  bulk  of  the 
bodies  from  which  it  is  extracted,  when  combined  with 
them,  probably  does  not  exift  as  if  it  were  comprefled, 
but  under  a folid  or  congealed  form.  Sir  Isaac  Newton, 
confidering  the  elaftic  power  of  air,  and  the  nature  of  its 
formation,  fays,  that  as  bodies  of  every  fort  are  endowed 
with  an  attractive  and  a repelling  power  ; and  as  both 
thofe  powers  are  ftronger  in  bodies,  the  more  folid,  denfer, 
and  more  compaCt  they  are ; it  follows,  that  when  the  at- 
tractive force  is  furmounted  by  heat,  or  any  other  power- 
ful agent,  and  the  particles  of  bodies  are  removed  farther 
than  their  fphere  of  attraction,  the  repelling  power  com- 
mencing there,  occafions  them  to  repel  each  other  with  a 
force,  which  is  fo  much  the  ftronger  as  they  more  forcibly 
cohered  together  ; and  thus  it  feems  that  permanent  elaftic 
fluids  are  formed. 


As 
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As  the  removal  of  the  atmofphere’s  preffure  fets  free 
fome  elaftic  fluids  contained  in  bodies,  fo,  on  the  contrary, 
an  increafed  prefliire  retards  the  produdlion  of  elaftic  fluids 
from  thofe  bodies,  which  yield  it  naturally  under  the 
ufual  prelTure  of  the  atmofphere.  Thus,  fermenting  li- 
quors yield  a conflderable  quantity  of  elaftic  fluid  under 
the  ufual  gravity  of  the  atmofphere ; but  in  condenfed  air, 
that  production  is  retarded.  Fruits  included  in  a re- 
ceiver wherein  the  air  is  much  condenfed,  do  not  yield  as 
much  air  as  they  are  wont  to  do  in  a lefs  denfe  medium. 

It  has  been  aflerted,  that  compreflTed  air  does,  in  fome 
meafure,  retard  putrefaction  and  moulding;  but  this  is  not 
a conftant  effeCt,  that  takes  place  with  all  forts  of  bodies, 
nor  that  I know  has  been  lately  tried  with  a great  va- 
riety of  fubftances.  If  we  conflder  that  condenfed  air 

hinders  the  free  efcape  of  elaftic  fluids  from  bodies,  and 

/ 

alfo,  that  in  putrefactions  there  is  generally  a difcharge  of 
elaftic  fluid,  it  feems  natural  to  believe,  that  condenfed  air 
does  really  retard  putrefaction. — It  is  fomewhat  Angular, 
that  modern  philofophers,  who  have  advanced  the  fubjeCt 
of  elaftic  fluids  to  a furpriAng  degree,  Ihould  have  rather 
neglected  to  examine  thofe  effeCts  of  condenfed  and  rare- 
Aed  air,  and  fhould  have  employed  their  talents  almoft 
wholly  about  the  difcovery  of  new  elaftic  fluids,  and  of 
their  properties  ; whereas  the  philofophers  of  the  laft  age, 
although  not  ignorant  of  the  exiftence  of  elaftic  fluids 
diflerent  from  common  air,  yet  moftly  examined  the  efleCts 
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of  common  air  in  different  degrees  of  denfity.  But  it 
feems,  that  philofophical  purfuits,  like  other  worldly  af- 
fairs, have  each  their  proper  period  and  feafon. 

The  prefence  of  air  is  neceffary  to  cryftallization ; fo 
that,  in  general,  a faline  folution  will  not  cryftallize  under 
the  exhaufted  receiver  of  an  air-pump.  But  the  folution 
of  metals  in  different  menftruums  feems  not  to  be  affected 
by  the  prefence  or  abfence  of  air,  excepting  when  the 
air  is  fo  condenfed  in  the  receiver,  as  in  great  meafure  to 
hinder  the  production  of  elaftic  fluid,  which  is  commonly 
generated  by  thofe  folutions. 

It  is  almoft  fuperfluous  to  mention,  that  there  is  no 
found  where  there  is  no  air ; it  being  well  known,  that 
founds  conflft  in  a particular  vibratory  motion  of  the  air, 
communicated  to  it  by  the  founding  body,  and  confe- 
quently  cannot  exift  without  air.  It  is  commonly  ufed 
by  thofe  who  fliew  experiments  with  the  air-pump,  to 
put  a bell  upon  a proper  frame  under  the  receiver  of  the- 
air-pump ; which  bell,  by  fhaking  the  pump,  or  by  fome 
mechanifm,  is  ftruck  under  the  receiver ; and  then,  gra- 
dually exhaufting  the  receiver,  it  is  fhewn,  that,  accord- 
ing as  the  air  is  rarefied,  the  found  is  diminilhed,  and  at 
laft  becomes  unaudible. 

The  prefence  of  good  air,  as  we  have  often  obferved, 
is  abfolutely  neceffary  for  combuftion  ; fo  that  if  a candle 
is  put  under  a clofe  receiver,  it  will  be  extinguiflied  in  a 
fliorter  or  longer  time,  according  to  the  quantity  of  air 

contained. 
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contained  in  the  receiver,  and  the  fize  of  the  candle  ; from 
which  it  naturally  follows,  that  a candle  will  burn  for  a 
fhorter  time  in  air  that  is  a little  rarefied,  and  that  it  will 
not  burn  at  all  in  vacuo. 

When  experiments,  relative  to  fire  and  combuftion,  are 
to  be  made  with  the  air-pump,  in  order  to  heat  forne  fub- 
fiances  in  vacuo,  the  befl:  method  ufed,  is  that  of  throw- 
ing the  focus  of  a burning-glafs  upon  thofe  fubflances ; 
which  focus  will  not  be  much  hindered  by  the  fubflance 
of  the  glafs*receiver.  For  this  purpofe,  burning-glafTes 
of  various  fizes  fhould  be  had  at  hand  ; for  fometimes  the 
fun  does  not  fhine  fo  bright  as  at  other  times  ; or  a flrong 
heat  is  required,  and  in  that  cafe  a larger  burning-glafs  is 
required  than  would  be  fufficient  at  other  times.  How- 
ever, one  large  concave  mirror,  or  rather  a good  large 
lens,  may  be  fufHcient  % for  when  a fmall  degree  of  heat  is 
required,  part  of  the  lens  may  be  covered,  and  thus  a large 
burning-glafs  may  ferve  inflead  of  a fmall  one,  only  it  is- 
not  fo  manageable  ; whereas  a fmall  glafs  cannot  fupply 
the  place  of  a large  one. 

When  bodies  are  put  in  condenfed  air,  and  inflamed,  they 
confume  fafter  than  in  the  fame  bulk  of  natural  uncom- 
preffed  air  * ; the  quantity  of  matter  confumed  in  a given, 
time  feeming  nearly  to  anfwer  to  the  quantity  of  comprefTed. 

* By  uncompreffed  air,  here,  it  is  meant,  that  the  air  is  not  comprefTed  by  any 
other  means  befides  the  ufual  prefiure  of  the  atmofphere,  viz.  as  it  cxifts  near 
the  furface  of  the  earth. 
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air.  But  in  performing  fome  experiments  of  this  fort, 
care  fhould  be  had  to  ufe  very  ftrong  veflels,  and  a fmall 
portion  of  the  combuftible  materials ; for  an  elaftic  fluid 
is  detached  from  a great  many  burning  bodies ; which 
fluid,  added  to  the  condenfed  air,  which  is  rendered  ftill 
more  elaftic  by  the  heat  of  the  burning  body,  exerts  a vaft 
force  againft  the  fides  of  the  veffel  that  confine  it,  and  en- 
dangers their  breaking  with  great  violence. 

In  the  exhaufted  receiver  of  an  air-pump,  i.  e.  in  va- 
cuo, heat  may  be  communicated  and  generated  very  eafily ; 
but  combuftion  cannot  take  place.  The  great  promoter 
of  experimental  philofophy,  Mr.*  Boyle,  to  whom  the 
philofophical  world  is  much  indebted  for  his  nume- 
rous experiments  and  difcoveries  relating  to  air,  in  order  to 
obferve  whether  attrition  could  produce  heat  in  vacuo  as 
well  as  in  the  open  air,  contrived  an  apparatus,  by  which 
two  pieces  of  brafs  could  be  ground  againft  each  other 
under  the  exhaufted  receiver  of  the  air-pump,  and  on  try- 
ing the  experiment,  he  found  that  they  had  acquired  a 
fenfible  degree  of  heat,  by  being  rubbed  for  fome  time 
in  vacuo. 

Spirit  of  wine,  fulphur,  gunpowder,  and  other  fub- 
ftances  that  are  eafily  inflammable,  cannot  be  fired  in  va- 
cuo. Some  of  them  will  be  melted,  and  will  fmoke,  but 
they  don’t  fhew  any  flame;  and  although  they  are  rendered 
very  volatile,  yet  they  cannot  be  burned,  as  is  eafily  ef- 
fected in  the  open  air.  Aurum  fulminans,  or  fulminating 
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gold,  heated  by  the  focus  of  a burning-glafs  in  an  ex- 
haufted  receiver,  goes  off,  and  is  fcattered  in  the  form  of 
yellow  duft  about  the  receiver. 

Air  is  neceffary  to  vegetation  and  germination  of  feeds. 
Not  only  in  vacuo,  but  in  much  rarefied  air,  no  plant  can 
live.  It  is  for  want  of  the  accefs  of  air,  that  the  feeds 
which  are  placed  very  deep  under  ground  never  vegetate. 
In  air  that  is  condenfed  to  a certain  degree,  fome  plants, 
it  is  faid,  grow  pretty  well ; but  I don’t  know  that 
experiments  of  this  fort  have  been  often  tried. 

It  feems  natural  to  fuppofe,  that  good  air,  fuch  as  is 
fit  to  fupport  animal  life,  and  combuftion,  is  the  befi:  for 
the  growth  of  plants ; neverthelefs,  fome  plants  feem  to 
vegetate  exceedingly  well  in  air  that  is  unfit  for  refpira- 
tion  and  combuftion,  though  not  rendered  quite  in- 
fecfled  with  putrid  effluvia;  for  in  fuch  air  all  the  plants 
that  have  been  adually  tried,  have  been  found  to  die  pre- 
fently. 

When  growing  plants,  with  their  proper  nourifiiment, 
as  a pot  with  moift  mold,  6cc.  (which  mufi;  be  always  un- 
derftood,  when  we  fay  that  living  plants  are  confined  in 
any  fort  of  elaftic  fluid)  are  placed  in  confined  air ; for 
inftance,  under  a glafs  receiver  inverted  in  water  or  mer- 
cury; in  general  they  vegetate  pretty  well,  and  for  a long 
time,  though  they  cannot  be  faid  to  be  in  a very  flouriih- 
ing  ftate.  It  has  been  obferved,  that  in  thofe  circumftances 
the  plants  don’t  render  the  air  in  which  they  are  confined, 
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unfit  for  refpiration  or  combuftion ; but  Mr.  Cygna,  an 
ingenious  philofopher,  fays,  that  plants  confined  in  a 
quantity  of  air,  vegetate  for  a very  fbort  time,  and  then 
die,  dlminifbing  at  the  fame  time  the  bulk  of  that  quan- 
tity of  air ; which  fhews  that  the  air  has  been  vitiated 
thereby  ; it  having  been  obferved,  that  when  air  is  di- 
minifiied  by  any  procefs,  it  is  generally  rendered  lefs  good. 
Mr.  Cygna  farther  obferves,  that  if  other  plants  are  intro- 
duced into  the  air,  wherein  the  former  plants  perifhed, 
they  foon  die,  but  do  not  occafion  any  farther  diminution 
of  that  quantity  of  air.  In  fuch  experiments,  great  dif- 
ference may  arife  from  the  diverfity  of  plants  ufed,  and 
the  ftate  in  which  they  are  when  firft  confined  ; there  be- 
ing many  plants  which  do  actually  grow,  and  appear 
very  flourifhing,  in  places  where  the  air  is  much  infedled ; 
whereas  other  plants  foon  perifii  in  the  fame  places^  and 
cannot  vegetate  except  where  the  air  is  pure  and  venti- 
lated. But  much  light  has  been  thrown  upon  this  fub- 
jedl  by  feveral  late  experiments  of  the  learned  Dr.  f*RiEST- 
LEY,  and  Dr.  Ingenhousz,  which  will  be  mentioned  in 
the  fequel. 

The  property  of  air,  which  more  nearly  interefts  human 
kind,  is  its  being  necefiary  for  the  fupport  of  animal  life. 
Not  only  the  exiftence  of  air  is  necefiary,  but  it  is  alfo 
required  to  be  good,  and  proper  for  refpiration  ; other- 
wife,  contaminated  air  is  as  noxious  to  an  animal  as  a va- 
cuum. Animals  of  every  fort,  including  even  the  microf- 
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copical  infeds,  cannot  live  without  air.  Indeed  fome  in- 
fers, and  efpecially  flies,  wafps,  &c.  whofe  vital  power  is 
not  eaflly  loft,  although  they  may  continue  for  a con- 
flderable  time  without  internal  or  external  fenflble  mo- 
tion, do  not  die  very  foon  under  the  exhaufted  receiver  of 
a common  air-pump,  but  they  die  in  a more  perfect  va- 
cuum, as  the  Torricellian  vacuum,  or  that  made  with  a 
very  good  air-pump 

Air  a little.  comprefTed  is  not  noxious  to  animal  life ; 
and  it  has  been  found,  that  when  animals  of  the  fame  fort 
are  put  in  equal  receivers,  fome  containing  common,  and 
others  moderately-condenfed  air ; thofe  that  were  put  in 
the  latter,  lived  generally  longer ; but  in  air  highly  com- 
prefl'ed,  it  feems,  from  fome  experiments,  though  not 
very  numerous  and  accurate  ones,  that  animals  cannot  live. 
This  eflecft  might  be  owing  merely  to  a mechanical  prin- 
ciple ; for  when  the  air  is  highly  comprefted,  it  will  ex- 
ert a greater  preflTure  upon  the  body  of  an  animal,  than 
can  be  counterbalanced  by  the  elafticity  of  the  air  within 
the  body  ; hence  it  may  be  reafonably  fuppofed,  that  in 
fuch  cafe  the  free  circulation  of  the  fluids  within  the 
body  may  be  retarded,  and  even  quite  fupprefled. 

* The  beft  air-pump  to  be  had  at  prefent  in  London,  is  that  made  upon  the 
principle  of  that  great  mechanical  genius,  Mr.  Smeaton,  F.  R.  S.  Itisfaid, 
that  an  air-pump  of  a new  conflrudlion  has  been  lately  made  in  France,  which 
exhaufts  better  than  the  above-mentioned  one;  but  I could  not  yet  procure  a 
defcription  of  its  conftru(5lion. 
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It  has  been  already  mentioned,  that  air  is  contaminated 
by  refpiration  as  v/ell  as  by  combuftion,  and  that  a frefli 
fupply  is  continually  required  to  keep  an  animal  alive,  or 
a fire  burning.  It  has  been  commonly  obferved,  and  is 
mentioned  by  various  writers,  that  a gallon  of  common 
air'cannot  keep  a middle-lized  candle  burning  for  longer 
than  one  minute ; and,  upon  an  eafy  computation,  it  may 
be  faid,  that  a man  requires  about  40  cubic  inches  of  com- 
mon air  per  minute,  in  order  to  breathe  without  uneali- 
nefs ; but  thefe  quantities  are  fubjedt  to  very  great  varia-  , 
tions,  ariling  from  the  nature  of  the  perfon,  as  well  as  from 
the  quality  of  the  air,  which  is  not  only  different  in  dif- 
ferent places,  but  alters  in  the  fame  place,  according  to 
the  winds,  feafons,  and  perhaps  other  caufes.  There 
are  animals  that  contaminate  a quantity  of  air  as  highly, 
and  in  the  fame  time,  that  other  individuals  of  the  fame 
fpecies,  age,  and  hze,  contaminate  half  that  quantity. 
The  greateft  variations  of  this  kind  arife  from  the  food, 
clean linefs,  and  health  of  the  animal. 

The  contamination  of  air  occalioned  by  refpiration  is 
greater  than  that  occalioned  by  combuftion  ; for  an  animal 
will  live  for  fome  time  in  air  that  is  contaminated  by  a 
burning  candle,  and  wherein  no  candle  will  burn  ; but  a 
candle  will  be  immediately  extinguifhed  when  admitted 
in  air  rendered  quite  noxious  by  breathing.  By  both 
proceftes,  viz.  by  combuftion  and  refpiration,  air  is  di- 
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miniflied  in  bulk,  but  not  fo  much  by  the  former  as  by 
the  latter. 

The  moft  interefting  of  the  above-mentioned  proper- 
ties of  air,  refpedling  animal  life  and  combuftion,  will  be 
illuftrated  by  the  following  experiments,  which  the  reader 
may  eafily  perform,  although  he  may  not  be  furnifhed 
with  particular  apparatus. 

Experiment  I. 

Stick  a ftraight  piece  of  wax  taper,  about  four  inches 
long,  upon  a large  cork,  like  D,  fig.  16.  Then  take  an 
empty  common  quart  bottle  AB,  and  hold  it  by  the  neck 
in  an  inverted  fituation.  Light  the  wax  taper,  and  very 
nimbly  introduce  it  into  the  bottle,  taking  care  not  to  put 
it  out  by  touching  the  fides  of  the  neck  of  the  bottle. 
The  cork  C being  large,  will  clofe  the  mouth  of  the  bot- 
tle;, and  thus  hinder  that  any  change  of  air  within  the 
bottle  might  take  place.  In  this  fituation  the  wax  ta- 
per will  foon  begin  to  contract  its  fiame,  grows  dim,  and 
in  about  a quarter  of  a minute  is  extinguiibed. — With- 
draw the  cork  with  the  wax  taper,  and  immediately  clofe 
the  mouth  of  the  bottle  with  the  thumb  of  the  hand  that 
holds  it. — -Light  the  taper,  and,  flipping  off  the  thumb, 
introduce  it  again  into  the  bottle  ; but  now  it  will  be  ex- 
tinguifhed  immediately,  becaufe  the  air  within  the  bottle, 
being  once  vitiated,  cannot  affift  the  flame  any  longer.  If 
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it  be  fufpeded  that  tke-Vax  tapef  'is  piit  but,  becaufe  the 
bottle  is  filled  with  the  fmoke  produced  the  firft  time  ; 
the  bottle,  with  the  fame  contaminated  air  in  it,  may  be 
kept  for  an  hour,  a day-,  or,  in  fhort,  for  any  length  of 
time  fo  as  to  let  the  fumes  fubfide,  and  the  air  become 
again  tranfparent ; and  then  the  lighted  wax  taj>er  may 
be  introduced  anew  ; but  it  will  be  conftantly  foundy. 
that  its  flame  is  put  out  the  moment  it  is  introduced. 
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In  the  bottom  of  a bafin  G D,  fig.  17,  put  eight  or  ten 
pieces  of  money  one  upon  the  other,  fo-  as  to  make  a fmall 
pillar  F,  upon  which  put  fome  cotton,  or  pieces,  of  paper,, 
with  a little  brimftone  E and  pour  fome  water  into  the 
bafin,.  fo  as  to  reach  the  fifth  or  fixth-  piece  of  money.. 
Then  invert  a large  and  plain  glafs  tumbler  A B,  upon 
the  cotton  and  its  fupport,  in  the  manner  fliewn  in  the 
figure.  This  tumbler  fhould  be  kept  a little  inclined  in 
the  a6l  of  putting  it  down,  in  order  to  let  fome  water 
enter  in  it,  and  fome  air  go  out otherwife  the  tumbler^ 
when  left,  would  hardly  ftand  in  the  pofition  required^ 
On  the  outfide  of  the  tumbler  a mark  fliould  be  made,, 
juft  coinciding  with  the  level  of  the  water  within  it.  Now. 

* In  order  to  preferve  the  contaminated  air,  the  bottle  fhould  be  accurately 
corked,  or  it  is  fiifficient  to  put  it  inverted  with  the  mouth  in  a cup  full  of 
water. 
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bring  this  apparatus  in  a place  where  the  fun  fhines,  and 
by  means  of  a lens  G,  which  needs  not  be  larger  than 
three  inches  in  diameter,  throw  the  colieded  rays  of  the 
fun  acrofs  the  fubftance  of  the  glafs  A B,  upon  the  cot- 
ton and  fulphur  E,  which  by  that  means  will  be  inflamed; 
in  which  cafe  the  air  within  the  glafs  tumbler  A B,  being 
rarefied  by  the  heat,  will  deprefs  the  water  under  it,  and 
fometimes  will  force  its  way  out,  which  accident  fbould 
be  prevented  by  ufing  a fmall  quantity  of  the  combuflible 
materials  E,  and  by  letting,  the  water  come  pretty  high 
within  the  tumbler,  previous  to  the  application  of  the 
lens.  This  fhews  another  reafon  for  which  it  was  di- 
redled  above  to  hold  the  glafs  A B fomewhat  inclined, 
viz.  with  the  mouth  not  quite  downwards,  in  the  adl  of 
putting  it  down  into  the  bafin,  in  order  to  let  fome  water 
enter  in  it,  and  come  as  high  as  about  the  fourth  or  fifth 
piece  of  money. — After  the  combuftion  of  the  cotton, 
when  the  apparatus  is  become  as  cool  as  it  was  before,  the 
water  within  the  tumbler  A B,  will  be  found  to  be  rifen 
above  the  mark;  which  fliews  that  the  combuftion  of  the 
cotton  or  paper,  &c.  has  oecafioned  a diminution  of  the 
air  within  the  glafs  A C. 

It  has  been  commonly  thought  and  aflcrted,  efpecially 
by  the  writers  of  the  laft  age,  who  were  very  well  ac- 
quainted with  this  phenomenon,  that  combuftion  weak- 
ened the  elafticity  of  the  air,  and  for  this  reafon  it  was  di- 
minilhed  in  bulk ; but  it  will  appear  in  the  fequel,  that 
3 this 
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this  diminution  is  owing  to  various  caufes.  For  the  pre- 
fent  we  may  reft  contented  with  the  certainty  of  the  fad, 
and  with  calling  it  ftmply  a diminution  of  air  occa- 
ftoned  by  combuftion. 

Some  combuftible  fubftances,  as  gunpowder,  and  in  ge- 
neral thofe  compofttions  wherein  nitre  enters,  difcharge  a 
conftderable  quantity  of  elaftic  fluid  in  the  ad  of  burning, 
for  which  reafon  they  cannot  be  ufed  for  this  experi- 
ment. 


Experiment  III, 

Invert  the  fame  glafs  tumbler  A B,  ufed  in  the  fore- 
going experiment,  into  a bafin  containing  two  or  three 
inches  depth  of  water,  CD,  flg.  18,  and  put  a moufe,  or 
a bird  E under  it.  The  tumbler  fhould  be  kept  fteady 
with  the  hand,  or  by  putting  a weight  upon  it ; and  no 
great  quantity  of  water  fhould  be  poured  into  the  bafln, 
left' it  fhould  be  fufped:ed  that  the  animal  is  drowned  by 
it,  yet  it  fhould  be  deep  enough  to  admit  the  animal  be- 
ing put  in  and  out  of  the  tumbler  through  the  water, 
without  lifting  the  mouth  of  the  tumbler  above  the  fur- 
face  of  the  water. — Keeping  the  apparatus  thus  difpofed, 
it  will  be  obferved,  that  the  bird  or  moufe  does  not  fhew 
any  figns  of  uneafinefs  in  the  beginning,  but  in  a fhort 
time  will  begin  to  quicken  its  refpiration,  fhewing  fome 
anxiety,  and  as  if  fome  impediment  was  in  his  throat. 

10  This 
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This  uneafinefs  will  gradually  increafe,  till  at  laft  the  ani- 
mal lofes  its  ftrength,  and  drops  down  daggering  a little  ; 
but  every  motion  will  prefently  ceafe,  excepting  a weak 
opening  and  /hutting  of  the  mouth,  and  foon  after  the 
animal  dies. 

Let  now  this  dead  bird  or  moufe  be  withdrawn,  and 
another  animal  be  introduced  through  the  water  into 
the  tumbler  A B ^ ; and  it  will  be  found,  that  this  fecond 
animal  will  be  affedted  with  convuliions  as  foon  as  it  is 
admitted  into  the  contaminated  air,  and  will  prefently  die  ; 
the  air  therefore  contained  in  the  vefTel  AB,  has  been  ren- 
dered highly  noxious  by  refpiration ; and  although  it  be 
kept  for  a long  time,  it  will  always  retain  its  noxious  qua- 
lity. This  fad:  being  very  well  known  by  the  philo- 
fophers  of  the  pad  age,  it  was  by  them  explained  upon 
the  fuppoiition,  that  the  air  did  contain  an  enlivening  prin- 
ciple (a  pabulum  vitce)^  necelTary  for  the  fupport  of  ani- 
mal life ; that  by  the  adion  of  breathing,  animals  in 
every  infpiration  feparated  a portion  of  this  principle  from 
the  air,  and  that  when  the  air  had  thus,  by  animal  re- 
fpiration, been  deprived  of  all  the  quantity  of  the  enliven- 

* In  order  to  take  the  dead  animal  out,  or  to  put  another  animal  in,  with- 
out  changing  the  air,  the  tumbler  muft  be  raifed  a little  above  the  bottom  of 
the  bafin,  taking  care  not  to  lift  it  above  the  furface  of  the  water,  and  muft  be 
held  with  one  hand  in  that  fituation  ; then  the  bird,  moufe,  &c.  is  plunged 
under  water,  and  is  inftantly  pafled  under  the  glafs  A B,  which  glafs  may  then 
be  lowered  again  upon  the  bottom  of  the  bafin. — The  animal  will  not  fuffer  any 
damage  by  being  thus  for  a moment  plunged  under  water. 
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ing  principle  it  contained,  it  became  unfit  for  refpira- 
tion. 

Dr.  Priestly,  who  has  examined  this  branch  of  na- 
tural philofophy  with  unwearied  afliduity  and  wonderful 
fuccefs,  treating  of  the  air  contaminated  by  refpiration, 
makes  the  following  excellent  obfervations. 

When  animals,  fays  he^  die  upon  being  put  into  air 
in  which  other  animals  have  died,  after  breathing  in  it 
‘‘  as  long  as  they  could,  it  is  plain  that  the  caufe  of  their 
“ death  is  not  the  want  of  any  pabulum  vitae ^ which  has 
“ been  fuppofed  to  be  contained  in  the  air,  but  on  ac- 
“ count  of  the  air  being  impregnated  with  fomething 
‘‘  ftimulating  to  their  lungs ; for  they  almofl;  always  die 
“ in  convulfions,  and  are  fometimes  affedled  fo  fuddenly, 
“ that  they  are  irrecoverable  after  a fingle  infpiration, 
“ though  they  be  withdrawn  immediately,  and  every  me-. 
“ thod  has  been  taken  to  bring  them  to  life  again.  They 
‘‘  are  affedled  in  the  fame  manner,  when  they  are  killed 
‘‘  in  any  other  kind  of  noxious  air  that  I have  tried,  viz. 

fixed  air,  inflammable  air^  air  filled  with  the  fumes  of 
“ brimftone,  infedled  with  putrid  matter,  in  which  a 
“ mixture  of  iron  filings  and  brimftone  has  ftood,  or  in 
“ which  charcoal  has  been  burned,  or  metals  calcined,  or 
in  nitrous  air,  &c. 

As  it  is  known  that  convulfto7is  weaken  and  exhauft 
the  vital  powers,  much  more  than  the  moft  vigorous 
“ voluntary  adion  of  the  mufcles,  perhaps  thefe  univerfal 

convulfions 
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convulfions  may  exhauft  the  whole  of  what  we  may  call 
“ the  vis  vitte  at  once;  at  leaft  that  the  lungs  may  be 
“ rendered  abfolutely  incapable  of  adiion,  till  the  animal 
“ be  fuffocated,  or  be  irrecoverable  for  want  of  refpira- 
tion. 

‘‘  If  a monfe  (which  is  an  animal  that  I have  com- 
“ monly  made  ufe  of  for  the  purpofe  of  thefe  experi- 
ments)  can  ftand  the  firft  fhock  of  this  ftimulus,  or  has 
been  habituated  to  it  by  degrees,  it  will  live  a confider- 
able  time  in  air  in  which  other  mice  will  die  inftanta- 
“ neoufly.  I have  frequently  found,  that  when  a num- 
“ ber  of  mice  have  been  confined  in  a given  quantity  of 
“ air,  lefs  than  half  the  time  that  they  have  actually  lived 
“ in  it,  a frefh  moufe  being  introduced  to  them  has  been 
“ inftantly  thrown  into  convulfions,  and  died.  It  is 
“ evident,  therefore,  that  if  the  experiment  of  the  Black 
“ Hole  were  to  be  repeated,  a man  would  ftand  the  bet- 
‘‘  ter  chance  of  furviving  it,  who  fhould  enter  at  the  firft, 
‘‘  than  at  the  laft  hour. 

“ I have  alfo  obferved,  that  young  mice  will  always 
“ live  much  longer  than  old  ones,  or  than  thofe  which 
“ are  full  grown,  when  they  are  confined  in  the  fame 
“ quantity  of  air.  I have  fometimes  known  a young 
“ moufe  to  live  fix  hours  in  the  fame  circuraftances  in 
which  an  old  moufe  has  not  lived  one*.” 

* Priestley’s  Experiments  and  Obfervations  on  different  kinds  of  air.  Vol.  I. 
Part  I.  Sedl.  IV. 
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Experiment  IV. 

In  order  to  obferve  the  diminution  of  air  occafioned  by 
refpiration,  part  of  the  preceding  experiment  fhould  be 
repeated ; taking  care  to  remark  the  quantity  of  air  be- 
fore and  after  the  death  of  the  animal.  Thus,  when  the 
tumbler  is  inverted  in  water,  and  left  to  fland  by  itfelf  with 
the  animal  in  it,  a mark  fhould  be  made  upon  it,  coin- 
ciding with  the  level  of  the  water  within  the  tumbler. 
This  mark  muft  be  made  immediately,  fo  that  time  might 
not  be  allowed  for  the  air  to  be  in  part  contaminated  and 
already  contracted  in  bulk.  Soon  after  the  death  of  the 
animal,  the  water  within  the  tumbler  will  be  found  to  be 
raifed  above  the  mark,  which  clearly  fhews  that  the  bulk 
of  the  air  has  been  contracted  by  refpiration. 

Experiment  V. 

By  this  experiment  is  to  be  fhewn,  that  air,  contami- 
nated by  a burning  candle,  and  wherein  a lighted  candle 
is  immediately  extinguifhed,  is  not  fo  noxious  to  ani- 
mal life,  as  the  air  contaminated  by  animals  breathing  and 
dying  in  it. 

Let  a fmall  bit  of  wax  taper  be  lighted  and  inclofed  un- 
der the  glafs  tumbler  A B,  fig.  i8,  inverted  in  water,  and 
vvhen  the  flame  is  put  out,  in  which  cafe  it  was  proved 

by 
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by  the  firfl:  experiment,  that  no  other  candle  will  burn  in 
the  fame  air ; but  if  a fmall  animal  be  introduced  in  it, 
palTing  him  through  the  water,  in  order  that  the  air  within 
the  tumbler  might  not  be  changed,  it  will  be  found  that 
the  animal  will  live  nearly  as  long  in  this  air  contaminated 
by  the  burning  candle,  as  in  an  equal  quantity  of  common 
unaltered  air.  But,  on  the  contrary,  in  air  that  is  ren- 
dered noxious  by  animals  breathing  and  dying  in  it,  a 
lighted  candle  will  be  put  out  immediately. 

Althoug!^  the  burning  of  a candle  does  not  contaminate 
the  air  fo  much  as  to  render  it  quite  unfit  for  refpiration, 
yet  it  muft  not  be  underftood  that  this  is  the  conftant  ef- 
fect of  combuftion  in  general ; there  being  certain  parti- 
cular methods,  to  be  defcribed  hereafter,  by  which  com- 
bufiion  may  be  made  to  diminifh  and  contaminate  com- 
mon air  to  the  higheft  degree  pofiible,  fo  as  to  render  it 
quite  noxious  to  animals. 

Combuftion  and  refpiration  are  not  the  only  procefles 
which  contaminate  air.  Putrefa<ftion,  elFervefcence,  cal- 
cination of  metals,  &c.  are  alfo  powerful  means  by  which 
good  common  air  is  rendered  noxious,  and  unfit  for  com- 
buftion and  animal  life. 

Having  in  thefe  few  experiments  and  oblervations  (hewn 
the  methods  of  obferving  fome  of  the  principal  properties 
of  air  refpecfting  combuftion  and  refpiration  ; we  (hall  next 
take  a (hort  and  comprehenfive  view  of  the  various  dates 
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of  the  atmofpherical  fluid,  as  it  naturally  exifls  in,  various 
places. 

From  the  obfervations  mentioned  in  the  preceding  pages- 
it  appears,  that  the  air  at  the  top  of  mountains  is  much: 
more  rarefied  than  the  air  near  the  furface  of  the.  earth,, 
which  is  alfo  more  rare  than  that  at  the  bottoms  of  pits; 
and  from  the  experiments  performed  with  the  air-pump» 
and  condenfing  engine  it  will  be  eafily  deduced,  that  the: 
denfe  air  at  the  bottoms  of  pits,  and  places  that  are  nearer 
to  the  center  of  the  earth,  ought  to  be  more  fit  for  refpi- 
ration  and  combuftion^  than  the  air  which  exifls  about  the 
fame  level  with  the  fea,  and  much  more  fo,  than  the  air 
upon  very  high  mountains..  Thefe  deductions  are  how- 
ever founded  only  upon  the  greater  or  lefs  denfity  of  the 
air,  arifing  from  the  preflure  of  the  fuperincumbent  air  ; 
but  the  common  atmofpherical  air  is  fubjeCt  to  confider- 
able  diverfities,  occafioned  by  other  caufes  far  diflerent 
from'  condenfation  or  rarefaCHon  ; for  the  air  at  diflerent 
places,  but  of  the  fame  denfity,  viz.  where  the  barometer 
is  equally  highy  is  not  of  the  fame  goodnefs. 

It  mufl  be  obferved,  that  the  common  atmofpherical  air^, 
which  furrounds  our  globe,  being  fubfervient  to  the  re-^ 
fpiration  of  fo  many  animals,  to  the  combuflion  of  innu- 
merable fires,,  as  well  artificial  as  natural,,  and  being  con- 
tinually impregnated  with  the  putrid  effluvia,  and  exhala- 
tions of  every  fort,  that  are  emitted  by  corrupting  and  fer- 
menting matters  mufl  of  courfe  be  continually  conta- 
3 minated,. 
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minated,  and  mud;  gradually  become  more  and  more  un- 
fit for  refpiration  and  combuftion.  The  contaminated  air 
next  to  the  bodies  of  animals,  putrefcent  fubftances,  &c. 
is  by  the  wind  carried  off  and  intermixed  with  the  com- 
mon flock  ; whilfl  other  purer  air  takes  its  place.  Hence 
we  fee  that  the  winds  are  of  great  ufe  in  the  world,  as 
they  remove  the  tainted  air  which  furrounds  animals,  ha- 
bitations, towns,  &c.  the  flagnation  of  which  would  other- 
wife  be  attended  with  very  bad  confequences  ; for,  cceteris 
paribus^  the  air  of  a place  is  more,  or  lefs  pure,,  according 
as  it  is  more  or  lefs  ventilated. 

The  contaminated  air  thus  by  winds  removed’from  the 
places  where  it  has  been  contaminated,  and  being  inter- 
mixed with  the  reft  of  the  atmofphere,  is  not  by  that  mo- 
tion purified  as  we  find  that  w very  long  agitation  of  a< 
mixture  of  common,  and  tainted:  air  does  by  no  means  pu- 
rify it;  but  being  continually  added  to  the  common 
flock  muft  gradually  tend  to.  contaminate  the  whole  at- 
mofphere; which  confiderationmaturally  offers  the  follow- 
ing dilemma,  viz.  that  either  nature  has  provided  fome 
methods  to  purify  the  atmofphere  continually,  or  that  the 
air  at  prefent  is  worfe  than  it  was  in  former  ages,  and 
much  better  than  it  will  be  one  hundred  or  a thoufand. 
years  hence.  Had  the  ancients  known  fome  certain  me- 
thod to  difcover  the  degree  of  purity  of  the  air,  and  had 
they  left  us  any  account  of  their  obfervations,  we  might 
perhaps  eafily  anfwer.  the  queftion  ; but.  this  not  being 

the 
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the  cafe^  we  muft  be  contented  with  the  experiments  and 
obfervations  of  this  age,  in  which  the  methods  of  afcer- 
taining  the  degree  of  purity  of  the  air,  have  been  dif- 
covered,  and  brought  to  a great  degree  of  precifion.  The 
people  of  the  next  century  may,  by  comparing  our  ob- 
fervations with  theirs,  acquire  a much  better  knowledge 
relative  to  the  decreafe  or  increafe  of  the  atmofphere’s 
purity. 

That  nature  has  provided  fome  means  to  purify  the  at- 
mofphere,  has  been  long  ago  believed,  and  feveral  odd  ex- 
planations have  been  offered  ^ ; but  fome  very  interefting 
difcoveries  have  been  lately  made  in  refpedt  to  this  point, 
and  will  be  particularly  noticed  in  proper  places. 

Ventilation,  as  we  obferved  above,  occafions  great  di~ 
verfity  in  the  goodnefs  of  the  air  of  a place;  and  it  is  ow- 
ing to  this  caufe  that  the  air  on  the  top  of  high  moun- 

**  The  learned  Father  Kircher,  fully  perfuaded  of  the  wrong  notion  pre- 
A^ailing  at  his  times,  viz.  that  infefts  were  produced  by  piitrefadlion,  fuppofes 
that  contaminated  air  is  purified  by  the  produdtion  of  thofe  animalcules ; viz. 
that  the  putrid  and  offenfive  particles  collefting  together,  formed  the  bodies  of 
thefc  animalcules,  in  confequence  of  which  the  air  remained  as  pure  as  it  was 
before  the  impregnation  of  thofe  particles.  “ In  aere  vero,  uti  ex  putredinis 
virulentas  exhalatione  Temper  quoddam  virulentum  nidulatur,  ita  quoque 
“ primo  de  infedlis  quibufdam  natura  providit,  quae  putredinofo  confluxu, 
“ exqiio  originem  fuam  traxerunt,  in  fe  derivato  aerem  quodammodo  purga- 
■“  rent:  cujufmodi  funt  mufcs,  aranei,  vefpm  omnia  alatorum  infeftorum 
“ genera,  ex  aqu^e  putredine  ortum  ne£l;a,  quae  poftea  in  hirundinum,  vefper- 
“ tilionumque,  et  fimilium  animantium  alimentum  cedunt. — Kircheri  Mundus 
fubterraneus,  Lib.  IX.  Cap.  H. 
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tains,  although  very  much  rarefied,  is  yet,  in  general,  fit- 
ter for  refpiration  than  the  ftagnant  air  at  the  bottoms  of 
pits ; the  former  being  continually  changed,  but  the  lat- 
ter having  very  little  motion  and  intermixture  with  the 
reft  of  the  atmofphere*.  Various  perfons,  efpecially  after 
being  ufed  to  it  a little,  have  lived  very  well  upon  high 
mountains,  where  the  air  was  fo  rare  that  the  quickfilver 
in  the  barometer  did  not  ftand  higher  than  15  or  16 
inches  f. 

In  places  that  are  below  the  level  of  the  fea,  efpecially 
mines  of  coal  and  metals,  the  air  is  depraved  by  the  mix- 
ture of  certain  effluvia  difcharged  from  the  earth,  which, 
for  want  of  ventilation,  fometimes  remain  in  thofe  places 
for  a confiderable  time,  and  are  fo  far  noxious,  that  per- 
fons, who  work  in  mines,  are  often  fuffocated  by  them, 
Thefe  exhalations  are  not  fimply  formed  of  vapours  con- 
denfable  by  cold  into  vifible  fluids ; but  confift  chiefly,  if 
not  wholly,  of  permanently  elaftic  fluids,  which  have  va- 
rious peculiar  properties,  different  from  thofe  of  common 
air,  either  when  fit  for  refpiration,  or  when  contaminated 
by  refpiration  and  combuftion. 

* Whenever  mention  is  made  of  ftagnating  air  being  noxious,  it  muft  be  un- 
derftood,  that  in  this  cafe  the  air  is  noxious  fo  far  as  it  retains  the  bad  effluvia, 
which  are  communicated  to  it  either  previous,  or  whilft  it  is  confined  j for  mere 
confination  does  not  render  common  air  better  or  worfe  , fo  that  a quantity  of 
common  air  kept  for  a long  time  in  a clean  glafs  bottle  accurately  ftopped,  as  far 
as  it  has  been  obferved,  does  not  thereby  grow  better  or  worfe  than  it  was  before, 

f S££  Bouger’s  Voyage  to  Peru.  1 
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The  emiflion  of  thofe  permanently  elaftic  fluids  is  not 
only  obfervable  in  mines  and  other  fubterraneal  places, 
but  takes  place  alfo  in  various  parts  of  the  furface  of  the 
earth,  efpecially  near  volcanoes,  ftagnating  water,  putrid 
marfhes.  See.  The  great  difference  is,  that  in  the  former, 
places  they  are  not  eaflly  ventilated,  whereas  in  the  latter'^ 
the  wind  more  eaflly  difperfes  them,  or,  from  their  being 
much  lighter  than  the  atmofpherical  air,  they  afeend  to  the 
‘Upper  regions  as  foon  as  they  are  difeharged.  , 

Miners  have  been  long  acquainted  with  the  exiftence  of 
thofe  noxious  fluids  in  fubterraneal  places,  and  diftinguifh 
them  by  tbe  appellation  of  damp^  which  word  originally 
flgnifles  vapour  or  exhalation.  It  has  been  alfo  well  known, 
that  fome  of  thofe  damps  are  periodical,  appearing  at  in- 
tervals of  time,  whilfl:  others  exifted  continually  in  fome 
places,  which  on  that  account  became  impradticable. 

Accounts  of  the  effects  of  thofe  damps  are  to  be  met 
'with  in  many  books,  in  which  real  fads  are  often  mixed 
with  marvellous  exaggerated  ftories,  moftly  deferibing  the 
number  of  people  killed  in  particular  inftances the  vari- 
ous methods  of  recovering  thofe  who  are  at  flrfl:  affeded 
by  them;  the  precautions  that  miners  take  in  order  to  dif- 
tinguifli  the  adual  exiftence  or  approach  of  damps,  &c. 
But  thofe  particular  precautions. bring  moftly  random  prac- 
tices, without  much  foundation  in  reafon  or  experience, 
are  not  deferving  my  reader’s  notice,  except  a few,  which 
are  proper  and  ufeful,  and  will  be  mentioned  prefently. 

Different 
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Different  authors  enumerate  various  forts  of  damps 5 
their  diverhty  arihng  principally  from  their  various  de- 
grees of  intenhty  ; but  very  few  from  being  effentialJy 
different  from  each  other.  Some  reckon  four  kinds  of 
damps,  viz.  one  whofe  approach  is  diftinguifhed  by  the 
flame  of  candles  becoming  firfl:  dim,  and  then  being  ex- 
tinguiflied ; from  the  difficulty  of  breathing,  &c.  The 
fecond  kind,  is  faid  to  be  called  the  peaf e-bloom  damp, 
from  its  fmell ; which  damp  is  not  fo  bad  as  to  deftroy 
people.  The  third  fpecies  is  the  ftrangefl:  of  them  all,  if 
it  is  at  all  to  be  credited.  Some  perfons,  who  pretend  to 
have  feen  it,  defcribe  it  in  the  following  manner; — In  the 
highefl  parts  of  the  roof  of  fome  of  thofe  paflages,  which 
branch  out  of  the  main  grove  of  a mine,  a round  fort  of 
bag  is  feen  hanging,  about  the  bignefs  of  a foot-ball, 
formed  of  a film  that  much  refembles  a cobweb.  When- 
ever this  bag  happens  to  be  broke,  the  noxious  fluid  which 
forms  the  damp  flies  out,  and  fuffocates  all  the  perfons 
who  happen  to  be  near  it.  The  fourth  fort  of  damp, 
which  is  more  frequently  met  with  in  coal-mines,  is  called 
the  fulminating^  or  fire-damp^  from  its  property  of  taking 
fire  by  the  approach  of  flame,  and  exploding. 

After  all,  the  damps  hitherto  known  and  examined  by 
intelligent  people,  may  be  reduced  to  two,  which  confifl 
of  permanently  elaftic  fluids  different  from  each  other, 
and  different  from  common  air,  but  agreeing  only  in  the 
properties  of  elafticity  and  tranfparency.  One  of  thefe 
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fluids  is  heavier  than  common  air,  for  which  reafon  it  is 
found  at  the  bottoms  of  pits  and  mines.  It  extinguiflies 
flame,  and  fuffocates  animals,  for  which  rea&n  it  has  been 
commonly  called  the  choke-damp.  The  other  fluid  is' 
much  lighter  than  common  atmofpherical  air^  and  is* 
found  in  the  roofs  of  fubterraneous  places^  which  prevent 
its  efcape  into  the  higher  regions  of  the  atmofphere.  This 
permanently  elaftic  fluid  takes  fire  by  the  approach  of  the 
flame  of  a candle,  and- explodes  with  violence  and  noife  ; 
for  which  reafon  it  has  been  called'the  fire-damp.  This  fort 
of  elaftic  fluid,  although  highly  noxious  when  breathed  by- 
itfelf,  is  not  very  oftenfive  when  mixed  with  fome  common- 
air  ; and  as  it  is-  commonly  found-  in  this  mixed  ftate  in 
mines,  it  has  not  been  efteemed  dangerous,  except  when  it 
catches  fire  and  explodes,  .in.  which  cafe  it  kills  the  people 
near,  &c.  The  miners,  therefore,  whenever  they  are  ap- 
prized of  the  exiftence  of  this  damp,  which  they  diftin- 
guiih  by  the  particular  fmell  of  that  fluid,  always,  forbean 
to  bring  any  lights-  near  it  * 

Whenever  they  have  any  fufpicion*  of  the  choke-dampj 
they  generally  let  down  a candle  very  near  the  ground^ 
which  if  it  is  extinguifhed  fhews  the  exiftence  of  the 


* It  is  a common  praftice  amongft  the  miners,  to  try  the  hardnefs  of  Hones? 
by  ftriking  them  againft  a Heel,  and  obferving  if  they  produce  any  fparks  of 
fire.  This  practice  fhould  not  be  permitted  near  the  fire-damp;  it  having  been 
lately  obferved,  that  even  a fpark  of  that  fort  is  fometimes  fufficient  to  inflame 
that  elafiic  fluid. 
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damp,  and  how  high  it  reaches.  In  thofe  cafes  the  beft 
remedy  is  ventilation.  When  it  is  practicable,  it  is  a very 
good  expedient  to  ventilate  the  air  of  a mine  by  a fire.  It 
has  been  propofed  by  fome  ingenious  perfons,  and  I hear 
that  it  has  been  alfo  praClifed,  to  fet  fire  to,  and  explode 
the  fire-damps  by  matches,  and  other  contrivances,  and  thus 
free  the  mines  from  the  dangerous  fluid  ; but  fometimes 
the  production  of  thofe  permanently  elaftic  fluids  from 
the  bowels  of  the  earth  is  fo  abundant,  that  all  the  prac- 
ticable means  of  ventilation,  &c.  are  not  fufficient  to  keep 
pace  with  their  production  ; for  which  reafon  thofe  mines 
mufl:  be  abandoned.  The  mofl:  alarming  and  dangerous 
cafes  of  this  fort,  are  when  thofe  noxious  fluids  are  emitted 
at  once,  without  giving  any  previous  figns,  which  is  often 
known  to  happen.  Then  the  miners,  except  they  can  get 
out  of  the  mine  immediately,  muft  inevitably  perifh.  It 
feems  pofTible  to  contrive  fome  means  of  fafety,  viz.  fome 
kind  of  bags,  containing  good  refpirable  air,  which  the 
miners  might  keep  always  near,  and  in  cafe  of  danger 
might  apply  them  to  their  mouths  till  they  can  get  out  of 
the  mine,  and  thus  be  not  obliged  to  breathe  the  noxious 
fluid,  and  confequently  efcape  being  fuflbcated ; but  of 
thefe  polTible  means  of  prefervation  we  fhall  take  notice 
towards  the  end  of  this  work,  viz.  after  that  the  peculiar 
properties  of  permanently  elaftic  fluids  have  been  parti- 
cularly confidered. 

An  elaftic  fluid,  like  that  which  conftitutes  the  choke-  . 

I i '2  damp. 
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damp,  is  found  in  many  places  upon  the  furface  of  the 
earth,  efpecially  near  the  fpring  of  feveral  mineral  wa- 
ters ; which  being  moftly  impregnated  with  that  flbid, 
difcharge  a conliderable  quantity  of  it,  as  foon  as  they 
come  out  of  the  earth. 

In  the  kingdom  of  Naples,  and  not  more  than  fix  or 
ftven  miles  from  the  capital  of  that  kingdom,  is  a famous 
cave,  near  the  foot  of  a hill,  called  in  the  Italian  lan- 
guage grotta  del  cane.  This  grotto  is  about  fourteen 
fpet.  tong,  and  near  feven  feet  high  at  the  entrance.  On 
the  floor  of  it,  there  is  always  a ftratum  of  that  elaflic 
fluid,  which  conftitutes  the  choke-damp.  It  is  con- 
tinually emitted  from  the  earth,  through  the  fiflures  that 
may  be  feen  on  the  ground.  The  experiments  ufually 
fliewn  to  the  curious,  who  vifit  this  grotto,  are,  firfl,  that 
of  bringing  a lighted  candle  or  piece  of  paper  near  the 
floor,  which  is  put  out  as  foon  as  it  comes  within  about 
14  inches  of  the  ground ; and,  fecondly,  that  of  keep- 
ing a dog  with  its  head  near  the  ground,  for  about  a 
minute,  fo  as  to  oblige  him  to  breathe  the  noxious  fluid, 
which  will  foon  affed:  his  refpiration,  deprive  him  of  his 
ftrength,  and  would  foon  kill  him,  if  he  was  not  immedi- 
ately brought  out  into  the  open  air;  where,  if  he  is  not  too 
far  gone,  he  will  gradually  recover  flrength  and  freedom 
of  refpiration  There  is  a fmall  lake  near  this  grotto, 

* From  this  experiment  of  the  dog,  the  cave  derives  its  name  del 

cane  \ the  Italian  word  for  dog  being  cane^, 

the 
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the  water  of  which  is  coniidered  as  a fpecific  againft  the 
effedls  of  the  noxious  fluid  of  the  grotto,  fo  that  the  ani- 
mals apparently  killed,  or  too  much  afledted  by  that  fluid, 
may  be  foon  recovered  by  being  bathed  in  that  water 
but  if  it  is  true  that  thofe  waters  at  all  contribute  to  re- 
ftore  the  animals  thus  affeded,  it  feems  to  be  merely  by 
the  fhock  they  give  with  the  fenfation  of  cold. 

The  foil  about  this  cave  is  full  of  hot,  fulphurous,  and 
ofFenflve  emanations,  and  is  not  far  from  the  Solfatara^  a 
place  containing  various  fmall  hills  and  valleys,  almofb 
wholly  impregnated  with  fulphur,  which  mineral  is  ex- 
traded  from  that  ground  with  conflderable  profit.  In  va- 
rious parts  about  thofe  hills,  and  efpecially  in  the  prin- 
cipal valley  between  them,  there  are  various  emanations 
of  fmoke,  flame,  noxious  vapours,  hot  waters,  and  other 
flgns  of  fubterraneal  fire  and  fermentation. 

Thofe  two  above-mentioned  elaftic  fluids,  which  con- 
ftitute  the  damps,  and  are  different  from  common  air,  or 
from  air  contaminated  by  refpiration,  may  be  obtained  by 
art  from  feveral  fubftances  j and  the  inveftigation  of 
their  properties  has  fhewn,  that  befldes  them,  many  other 
permanently  elaflic  fluids  may  be  obtained  by  means  of 
different  procefles ; which  have  properties  peculiar  to  each, 
and  may  be  turned  to  various  ufes  highly  interefting  in 
philofophy,  as  well  as  for  the  general  welfare  of  the  human 
fpecies.  Thofe  various  elaftic  fluids  will  be  enumerated 
in  the  next  chapter ; and  we  fhall  conclude  the  prefent 
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with  a few  obfervations  concerning  the  contagious  difeafes 
commonly  attributed  to  the  air. 

Mr.  Boyle,  confidering  that  the  plague,  although  it  hap- 
pens ofteneft  in  hot  climates,  yet  it  has  not  been  obferved 
to  vifit  equally  thofe  places  which  are  alike  fituated  in 
refped:  to  climate,  and  other  apparent  circumftances ; 
feems  inclined  to  think  that  the  plague,  and  its  effects,  are 
occahoned  by  a malignant  difpohtion  in  the  air ; without 
which,  he  obferves,  fome  plagues  could  never  have  been 
fo; contagious,  nor  fo  fuddenly  mortal;  and  that  this  ma- 
lignant difpofition  in  the  air,  may  probably  be  in  great 
part  imputed  to  fome  kinds  of  fubterraneal  expirations 

There  are  , fome  hiftories  of  plagues  originating  from  the 
opening  of  old  burying-places,  wherein  people  who  died  in 
the  .time, of  former  plagues,  had  been  interred ; and  it  is 
certain  that  the  venomous  effluvia  in  a true  peftilential  con- 
tagion, are  often  .tranfmitted  from  patients  to  found  per- 
fons,  through  the  air  only;  for  in  fuch  times  many  per- 
fons  are  taken  ill  without  having  had  any  intercourfe  with 
affedled  people.  But  leaving  the  particular  effedls  and 
origin  of  plagues  to  be  examined  in  the  writings  of  thofe 
numerous  authors,  who  have  written  exprefsly  upon  the 
fubjed: ; 1 fflall  only  obferve  with  refpedl  to  the  air,  that  a 
very  great  diftin^dlion  fhould  be  made  between  air  contami- 
nated by  the  mixture  of  thofe  fubftances,  which  will  incor- 
porate intimately  with  it,  and  thofe  which  are  only  fo  far 

* See  Boyle’s  Works  by  Dr.  Shaw,  the  fecond  edition,  page  533. 
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mixible  with  the  air,  as  to  be  fufpended  in  that  fluid 
on  account  of  their  being  very  light  and  volatile,  and 
which  are  eaflly  feparated  from  it  as  foon  as  they  or  the 
air  change  denflty,  or  the  air  is  flrained  through  fub- 
ftances  which  abforb,  condenfe,  intercept  them,  &c.  In 
this  fenfe  it  is  not  difficult  to  fuppofe  that  the  air  may  be- 
come peftilential  by  keeping  fufpended  putrid  effluvia  of 
infecfled  bodies ; .juft  as  it  may  be  rendered  poifonous  by 
the  vapour  of  arfenic.  This  depravity  of  the  air,  occa- 
floned  by  the  accidental  fufpenflon  of  noxious  particles, 
(which  however  do  not  incorporate  with  it)  is  of  great  con- 
fequence  to  the  life  of  animals  that  breathe  it,  and  yet  is  ge- 
nerally of  ftich  nature,  that  it-cannot  be  difcovered  by  the 
common  teft  ufed  now-a-days  to  diftinguifh  the  purity  of 
the  air,  with  thofe  inftruments  called  eudiometers^  to  be 
defcribed  hereafter.  In.  the  fame  manner  the  air  may  be^ 
impregnated  with  falutary  effluvia,  which  when  conveyed 
with  it  into  the  human  body  prove  very  beneficial ; and 
yet  by  the  above-mentioned  teft  the  air  will  be  found, 
as  it  really  is,  to  be  not  efTentially  better  than  before. 

I fhall  juft  illuftrate  this  interefting  property  by  a fa- 
miliar example,  and  then  fhall  finifh  this  long  chapter. 
Siippofe  that  fome  white  lead  is  dropped  in  water,  and  the 
water  is  immediately  drank,  it  will  certainly  poifon  the 
perfon  that  drinks  it,  becaufe  the  particles  of  white 
lead,  which  are  poifonous,  being  fufpended  in  the  wa- 
ter, are  conveyed  with  it  into  the  body  ; but  not  be- 
caufe 
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caufe  the  nature  of  the  water  is  altered  thereby ; for  wa- 
ter will  not  incorporate  with  white  lead,  and  if  time  be 
allowed  for  the  particles  of  white  lead  to  fall  to  the  bot- 
tom of  the  vefiel  in  virtue  of  their  own  gravity,  the  water 
will  remain  pure  over  it,  and  may  be  drank  without  dan- 
ger ; but  if,  inftead  of  white  lead,  fome  vitriolic  acid  be 
mixed  with  water,  this  acid,  although  fpecifically  hea- 
vier than  water,  will  incorporate  with  it  very  readily  and 
intimately,  on  account  of  the  natural  affinity  or  attraction 
between  the  particles  of  vitriolic  acid  and  of  water  ; and 
although  the  mixture  be  kept  for  a long  time,  yet  the  vi- 
triolic acid  will  not  fall  to  the  bottom  of  the  veffel,  but 
will  incorporate  with  the  water,  and  will  communicate  to 
every  portion  of  it  an  equally  acid  quality. 


CHAP.  IV. 

Of  the  various  forts  of  permanently  elafiic  Fluids* 

WHOEVER  conliders  that  permanently  elaflic 
fluids,  different  from  common  air,  are  produced 
from  fermentation,  combuflion,  putrefadion,  and  are  na- 
turally found  in  various  parts  of  the  earth  ; and  confe- 
quently  mufl:  have  been  coeval  with  human  kindj  cannot 

help 
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help  wondering,  when  he  is  told,  that  no  diftin£t  idea, 
neither  any  direct  mention  of  them  is  found  in  the  works 
of  writers  previous  to  Paracelsus,  who  flourilhed  about 
the  beginning  of  the  lafi:  century.  Indeed,  the  notion  that 
Paracelsus  and  his  cotemporaries  had  of  the  elaftic  mat- 
ter that  efcaped  from  various  procefTes,  was  very  confufed 
and  erroneous.  They  thought  it  to  be  the  fame  thing 
with  the  common  refpirable  air ; but  yet  they  gave  it  a 
particular  'name,  calling  it  fpiritus  fdvefris.  Van  Hel- 
MONT,  a writer  of  the  laft  century,  and  a difciple  of  Pa-^ 
racelsus,  was  the  firft  who  made  diftindl  mention  of  va- 
rious forts  of  permanently  elaftic  fluids  diflerent  from  com- 
mon air,  to  the  whole  genus'of  which  he  gave  the  name 
gas^  which  word,  as  it  has  been  already  obferved,  origi- 
nally flgnifies  a windy  eruption ; and  diftinguifhed  each 
fpecies  by  particular  deferiptive  words  added  to  the  ge- 
neric one.  This  author  enumerates  various  gafes,  as  the 
gas  felveflre^  the  gas  flammeum^  the  gas  ventofmn^  gas  pin- 
gue^  See.  ; which  elaftic  fluids,  although  differently  origi- 
nated, yet  in  fubftance  they  are  reduced  to  a few  elaftic 
fluids  really  diflerent  from  each  other,  and  moftly  known 
under  other  names.  This  fagacious  author  juftly  obferved, 
that  the  elaftic,  and,  as  he  calls  it,  incoercible  fluid  pro- 
duced by  different  proceffes,  and  into  which  fome  bodies 
are  almoft  entirely  refolvable,  could  not  be  reduced  into 'a 
'viflble  form,  and  alfo  that  it  could  not  poflibly  exift  in  an 
elaftic  form,  in  thofe  bodies  from  which  it  was  feparated, 
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it  being  impoflible  for  thofe  fubftances  to  remain  folid  in 
that  cafe ; but  that  it  exifted  in  a concrete  or  coagulated 
form  He  attributed  the  noxious  effects  of  the  grotta 
del  cane^  near  the  city  of  Naples,  to  the  gas  there  exifting, 
and  applied  the  theory  of  the  production  of  gafes  to  ex- 
plain various  phenomena  of  the  animal  oeconomy  •f. — Con- 
fidering  the  time  in  which  Van  Helmont  wrote,  the  fcanty 
ufe  of  experiments  that  was  made  at  that  time,  and  the 
indiftind:,  vain,  and  fuperftitious  notions  then  prevailing, 
it  is  a wonder  that  he  acquired  fuch  ideas  of  this  fubjed. 
But  the  author  of  an  ingenious  treatife  on  the  various 
kinds  of  permanently  elaftic  fluids  or  gafes,  juftly  ob- 
ferves,  “ That  Van  Helmont’s  knowledge  of  thefe  fluids. 
“ does  not  feem  to  have  had  much  foundation  in  experi- 
“ ment,  or  any  other  fupport  than  the  cafual  obfervation 
“ of  an  ingenious  man,  more  intent  on  framing  theories 
“ than  eftablilhing  new  fads.  For  when  his  dodrines 
“ became  exploded,  the  fads  he  mentions  were  fo  neg- 
“ leded,  that  notwithftanding  the  exiftence  of  fo  many 
“ gafes  is  aflerted  by  him,  I do  not  believe  that  his  writ- 
“ ings  fuggefted  the  idea  of  any  one  of  them,  to  thofe  who' 

* Corpora  vero  continent  hunc  fpiritum,  et  quandoque  tota,  in  ejufmodi 
fpiritum  abfcedunt,  non  quidem  quod  adlu  in  ipfis  fit  (fiquidem  detineri  non 
pofiet,  imo  totum  concretum  fimul  evolaret)  fed  efl  fpiritus  coneretus,  et  cor- 
poris more  coagulatus,  excitaturque  acquifito  fermento,  ut  in  vino,  omphacio,, 
pane,  hydromelite,  &c.  Van  Helmontii  Complexionum  atque  miftionum 
Elementalium  Figmentum  Num°.  14. 

t See  his  Treatife  de  Flatibus. 
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“ afterwards  difcovered  them^:  and  it  is  now  only,  fince 
“ their  exiftence  has  been  again  difcovered  and  afcertained, 
“ that  we  trace  them  in  the  works  of  this  author,  as  a 
“ matter  of  curiohty.  While  therefore  we  applaud  the 
“ fagacity  of  Van  Helmont,  in  having  obferved  the  exift- 
“ ence  of  many  permanently  elaftic  fluids,  and  in  diftin- 
“ guifhing  them  from  condenfable  vapours,  and  alfo  from 
“ air,  we  ought  not,  in  juftice,  to  make  any  abatement 
“ from  the  honour  due  to  Boyle  and  his  fucceflTors,  who 
“ afterwards  difcovered  the  exiftence  and  properties  of 
“ thefe  fluids,  collected  them  in  feparate  veflTels,  fubje<fted 
“ them  to  various  modes  of  experiment,  and  thence  made 
“ applications  to  explain  the  phenomena  of  nature.” 

Boyle,  the  indefatigable  promoter  of  experimental  phi- 
lofophy,  with  the  aid  of  the  air-pump  and  condenflng  en- 
gine, then  new  inftruments,  began  to  examine  the  fubjedt 
of  air,  and  other  permanently  elaftic  fluids,  which,  dif- 
ferent from  Van  Helmont,  he  called  faEiitious  airs.  His 
example  was  followed  by  many  other  able  philofophers, 
among  whom  the  moft  diftinguilhed  is  Mr.  Hales,  whofe 
name  will  be  always  an  honour  to  this  nation,  as  his  in- 
genious, accurate,  and  numerous  experiments  have  con- 
tributed vaftly  to  the  advancement  of  philofophy.  Thus, 
from  the  time  of  Van  Helmont,  the  fubjecft  of  perma- 
nently elaftic  fluids  has  been  handed  down  through  la- 
bourers continually  increaflng  in  number,  experiments, 
and  fertility  of  difcoveries,  to  the  numerous  philofophers 
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of  the  prefent  age,  'who  feem  almoft  intirely  devoted  to 
this  branch  of  natural  philofophy,  and  who,  furnifhed 
with  all  the  improvements  of  their  predecelTors,  and 
prompted  by  a glorious  emulation,  advance  every  day  the 
bounds  of  our  knowledge  relating  to  elafiic  fluids. 

After  having  mentioned  fome  of  the  firfl  promoters  of 
this  fubjed,  it  would  be  natural,  and  but  juflice,  to  take 
notice  of  the  philofophers  of  our  age,  who  have  diftin- 
guifhed  themfelves  in  this  ample  field.  However,  their 
number,  and  the  fear  of  offending,  detains  my  pen ; and 
as  my  objedl  is  not  to  write  an  hiftory,  but  only  a metho- 
dical treatife  on  air,  and  other  permanently  elafiic  fluids, 
I mufl  avoid  expatiating  upon  things  foreign  to  my  objed:, 
and  which  would  necefTarily  occupy  many  pages  of  this 
work. 

The  elafiic  fluids  hitherto  difcovered,  with  the  prin- 
•cipal  various  names  given  them  by  different  authors,  are 
thofe  that  follow,  excepting  only  a few,  which  have  been 
very  imperfecffly  defcribed,  and  which  will  be  mentioned 
towards  the  latter  end  of  this  work. 

1.  Air,  or  common  air,  or  atmofpherical  air, 

2.  Fixed  or  fixable  air,  or  aerial  acid.. 

3.  Inflammable  air. 

4.  Nitrous  air. 

5.  Dephlogifficated  air. 

6.  Vitriolic  acid  air. 


7.  Marine 
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7.  Marine  acid  air. 

8.  Nitrous  acid  air. 

9.  Fluor  acid  air,  or  fpany  air. 

10.  Alkaline  air. 

Thefe  elaftic  fluids,  excepting  common  air,  and  de- 
phlogifticated  air,  are  called  alfo  gafes^  with  their  dif- 
tinguilhing  epithets,  as  vitriolic  acid  gas,  inflammable 
gas,  &c. 

Fixed  air  has  fometimes  been  called  alfo  mephitic  air* 
This  word,  however,  is  applicable  to  every  fort  of  elaftic 
fluid,  incapable  of  aflifting  combuftion  and  refpiration, 
denoting  only  the  noxious  <|uality  of  the  fluid.  The 
noxious  fluid  naturally  found  in  mines  and  other  places,, 
which  does  feldom  conflft  of  pure  fixed  air,  or  other 
fingle  elaftic  fluid,  has  been  commonly  called  mephitic 
air. 

The  dephlogifticated  air  has  been  alfo  called  pure  fac- 
titious air. 

To  prevent  ambiguity  and  circumlocution,  the  reader  is 
requefted  to  mind,  that  in  the  following  pages,  whenever 
the  word  air  is  fingly  mentioned,  without  any  other  epi- 
thet annexed,  it  is  only  meant  to  denote  common  atmo- 
fpherical  air. 

Some  of  the  principal  properties  of  common  air  having 
been  mentioned  in  the  preceding  chapter,  it  remains  to^ 
defcribe  the  principal  properties  of  the  other  permanently 
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elaftic  fluids,  which  may  diflinguifh  them  from  each 
other,  and  which  the  reader  fliould  make  himfelf  perfedly 
mafter  of,  in  order  that  he  may  form  a proper  idea  of  the 
fubjed:,  and  may  underfland  the  following  part  with 
greater  facility. 

Firft,  all  the  above-mentioned  elaftic  fluids  are  tranf- 
parent,  fo  that  by  themfelves  they  are  inviflble ; but  in 
fome  circumftances,  efpecially  on  fome  of  them  being 
mixed,  fome  colour  may  be  perceived. 

Secondly,  if  common  air  and  dephlogifticated  air  be 
excepted,  they  are  all  incapable  of  aflifting  combuftion 
and  animal  life. 

Thirdly,  common  air,  dephlogifticated,  inflammable, 
and  nitrous  air,  are  difficultly,  and  in  fmall  quantities, 
abforbed  by  water.  Fixed  air  is  in  great  quantity,  and 
more  eaflly,  abforbed  by  water ; fo  that  when  it  is  agi- 
tated in  it,  a quantity  of  water  will  abforb  a quantity  of 
fixed  air  about  equal  to  its  own  bulk ; by  which  impreg- 
nation the  water  acquires  an  acidulous  tafte,  much  re- 
fembling  the  tafte  of  fome  mineral  waters,  which  are  na- 
turally impregnated  with  fixed  air.  The  other  elaftic 
fluids,  namely,  the  vitriolic  acid  air,  the  marine  acid  air, 
the  nitrous,  acid  air,  the  fluor  acid  air,  and  the  alka- 
line air,  are  in  vaft  quantity,  and  almoft  inftantly,  ab- 
forbed by  water ; for  which  reafon  they  cannot  be  con- 
fined by  it.  By  this  impregnation  the  water  acquires  an 
alkaline  tafte  from  the  alkaline  air,  and  an  acid  tafte  from 
10  the 


and  the  Defcription  of  the  Apparatus^  &^c.  255 

the  acid  airs ; which  acid  or  alkaline  taftes  are  ftronger  or 
weaker,  according  to  the  greater  or  lefs  quantity  of  elaftic 
fluid  imbibed  by  the  water.  All  thefe  acid  elaflic  fluids 
have  the  principal  properties  of  thofe  acids  from  which 
they  are  originated,  and  the  alkaline  air  has  the  properties 
of  an  alkali  ; and  they  all  have  peculiar  flrong,  penetrat- 
ing, and  offenflve  fmells. 

The  principal  fpecific  properties  of  each  of  thofe  elafliic 
fluids  are  the  following : 

Fixed  air  is  conflderably  heavier  than  common  air;  it 
has  all  the  properties  of  an  acid,  but  it  is  the  weakefl:  of 
all  the  known  acids.  It  precipitates  the  lime  in  lime- 
water. 

Inflammable  air  is  much  lighter  than  common  air,  has 
a particular  difagreeable  fmell,  and  by  the  contad:  of  ig- 
nited bodies  it  takes  fire  very  eaflly,.  and  burns  with  a 
weak  flame* 

Nitrous  air  has  a ftrong,  penetrating,  and  offenflve 
fmell,  and  when  mixed  with  common,  or  with  dephlo- 
gifticated  air,  occaflons  a weak  effervefcence,  which,  while 
it  lafts,  the  compound  of  the  two  elaftic  fluids  acquires  a 
reddifh  colour,  and  a diminution  of  the  whole  quantity 
takes  place ; which  diminution  is  greater  when  the  air  is 
purer,  and  contrariwife,  but  is  greatefl;  with  dephlogifli- 
cated  air.  Thus,  if  a given  quantity  of  common  air, 
which  we  may  call  A,  be  put,  together  with  an  equal 
quantity  of  nitrous  air,  in  a veffel,  the  bulk  of  both  thefe 
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elaftic  fluids  together  will  be  lefs  than  twice  A,  and.  lefs  flill, 
if  dephlogifticated  air  is  ufed  inftead  of  common  air. 

Upon  the  fuppofltion  that  common  air  is  only  pure 
elementary  air,  partly  contaminated  or  phlogifticated,  the 
name  of  dephlogifticated  air  has  been  given  to  a particular 
fort  of  elaftic  fluid,  which  poflefles  the  property  of  aftift- 
ing  combuftion  and  animal  life  in  a far  more  eminent  de- 
gree than  common  air.  A candle  will  continue  burning, 
and  an  animal  will  live  in  a given  quantity  of  it,  much 
longer  than  in  an  equal  quantity  of  common  air.  The 
diminution  ariflng  from  the  addition  of  nitrous  air,  as  we 
obferved  above,  is  a vaft  deal  greater  with  this  than  with 
common  air.  But  it  muft  be  remarked,  that  we  have  no 
artificial  method  of  obtaining  dephlogifticated  air  from 
common  air  ; and  that  dephlogifticated  air  has  a property, 
to  be  mentioned  hereafter,  by  which  it  appears  that  com- 
mon air  is  an  elaftic  fluid  different  from  depraved  dephlo- 
gifticated air. 

The  vitriolic  acid  air,  being  abforbed  by  charcoal,  com- 
municates to  it  a pungent  fmell.  It  diffolves  camphor 
very  eaflly,  reducing  it  into  a tranfparent  liquor,  out  of 
which  the  camphor  may  be  again  produced  by  the  addi- 
tion of  water.  On  being  mixed  with  the  vapour  of  vo- 
latile alkali,  it  forms  a white  cloud. 

Marine  acid  air,  when  abforbed  by  water,  forms  a fpi- 
rit  of  fea-falt,  whofe  ftrength  is  in  proportion  to  the  quan- 
tity of  elaftic  fluid  abforbed  by  the  water ; and  as  the 
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quantity  of  it,  which  water  can  abforb,  is  very  great,  a 
ftronger  fpirit  of  fait  may  be  obtained  by  this  means,  than 
by  any  other  method.  The  flame  of  any  burning  fub- 
ftance  acquires  a beautiful  green  or  blueifli  colour,  when 
it  burns  in  a mixture  of  this  acid  elaftic  fluid  and  common 
air. 

The  nitrous  acid  air  has  been  lefs  examined  than  any 
of  the  above-mentioned  elaftic  fluids.  It  is  inftantly  ab- 
forbed  by  water,  and  corrodes  quickfilver.  When  united 
with  exprefted  oils,  it  gives  them  a blue  and  yellow  co~ 
lour,  and  coagulates  them.  Heat  and  effervefcence  is  pro- 
duced by  its  combination  with  eflential  oils.  It  is  im- 
bibed by  vitriolic  acid  and  fpirit  of  fait ; fo  that  the  far- 
ther inveftigation  of  its  properties  is  impeded  by  the  want 
of  a fluid  capable  of  confining  it.  However,  it  feems 
pretty  well  determined,  that  it  is  a permanently  elaftic 
fluid  ; at  leaft  not  condenfible  by  the  cold  to  which  it  has 
been  hitherto  expofed ; which  thing  muft  be  alfo  under- 
ftood  of  all  the  other  kinds  of  fluids,  called  permanently 
elaftic ; by  no  means  implying  the  impoflibility  of  con- 
denfing  any  of  them,  or  all,  into  vifible  fluids  or  folids  by 
a greater  degree  of  cold  than  has  been  hitherto  employed 
for  fuch  experiments. 

The  fluor  acid  air,  or  fparry  air,  when  expofed  to  wa- 
ter, a part  of  it  is  inftantly  abforbed  by  the  water,  and  at 
the  fame  time  a ftony  film  or  cruft  is  formed  upon  the 
furface  of  the  water,  which  hinders  the  farther  abforption 
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of  the  acid  air ; but  on , breaking  this  film,  the  wa- 
ter abforbs  another  portion  of  it,  and  another  film  is 
formed.  Thus,  by  breaking  the  ftony  film  as  often  as 
it  is  formed,  the  water  may  be  made  to  imbibe  the 
whole  of  a given  quantity  of  fluor  acid  gas  expofed  to 
it.  By  means  of  heat,  an  acid  elaftic  fluid  is  feparated 
from  the  water  thus  impregnated,  which,  on  being  ab- 
forbed  again  by  water,  does  not  depofit  any  cruft  as  be- 
fore, and  befides  it  poflTeflTes  all  the  properties  of  vitriolic 
acid  gas;  hence  it  has  been  fuppofed,  that' fluor  acid  air 
is  not  eflentially  different  from  vitriolic  acid  air,  but  only 
charged  with  an  earthy  fubftance,  which'  it  readily  depo- 
fits  as  foon  as  it  is  abforbed  by  water.  But  yet  there  are 
fome  differences  between  thofe  two  acid  gafes,  the  prin- 
cipal of  which  is  that  remarked  by  Dr.  Priestley,  viz. 
that  water  impregnated  with  vitriolic  acid  air  may  be  con- 
verted into  ice  by  cold,  but  the  water  impregnated  with 
fluor  acid  air  may  not. 

Alkaline  air,  when  abforbed  by  water,  forms  a ftrong 
fpirit  of  volatile  alkali.  It  diflTolves  ice  exceedingly  faft. 
It  unites  with  vitriolic,  and  with  marine  acid  air,  with 
which  it  forms  ammoniacal  falts ; and  it  unites  alfo  with 
fixed  air,  forming  oblong  flender  cryftals  with  it.  When 
alkaline  and  common  air  are  mixed  together,  the  com- 
pound becomes  inflammable. 

The  eafy  methods  of  procuring  thofe  elaftic  fluids,  and 
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of  obferving  their  above-mentioned  properties,  will  be 
ihewn  in  the  following  experiments. 

Experiment  I. 

!7^  produce  fixed  Air. 

Let  a glafs  tube,  open  at  both  ends,  be  bent,  by  means 
of  a blow-pipe  and  the  flame  of  a candle,  nearly  into  the 
fliape  of  an  S,  as  it  is  reprefented  by  A B,  fig.  19,  and  fix 
a cork  D to  one  of  its  extremities,  fo  as  to  fit  the  neck  of 
a common  vial,  that  may  hold  about  four  or  five  ounces 
meafure.  The  hole  through  the  cork  may  be  made  with 
an  iron  wire  red-hot,  and  the  tube  may  be  faflened  in  it 
with  a bit  of  foft  wax,  fo  as  not  to  let  any  air  go  through 
Fill  a fimilar  vial,  or  any  glafs  receiver  K,  with  water, 
and  invert  it  after  the  manner  fhewn  above,  in  a bafin 
H I,  about  half  filled  with  water.  Now  put  fome  chalk 
or  marble,  grofsly  powdered,  into  the  bottle  E,  fo  as  to  fill 
about  a fourth  or  fifth  part  of  it,  and  upon  it  pour  fome 
water,  jufl:  enough  to  cover  the  chalk  ; then  add  fome  oil 
of  vitriol  to  it,  which  needs  not  be  more  than  about  the 
fourth  or  fifth  part  of  the  water.  Immediately  after,  ap- 

• Glafs  bottles,  with  a tube  prbperly  fliaped  for  this  purpofe,  having  a grinted 
glafs  (topper  affixed,  which  fits  the  neck  of  the  bottle  very  nicely,  may  be  found 
at  various  glafs  (hops,  and  almoft  at  any  of  the  philofophical  in(trument  (hops  in 
London, 
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ply  the  cork  D,  with  the  tube  A B,  to  the  bottle,  and 
putting  it  in  the  fituation.  F G,  let  the  extremity  B of  the 
tube  pafs  through  the  water  of  the  bahn  into  the  neck  of 
the  bottle  K,  which  now  muft  be  kept  up  with  the  hand, 
or  other  convenient  fupport,  as  it  cannot  reft  upon  the 
bottom  of  the  baftn.  The  mixture  of  chalk,  &c.  in  the 
bottle  F G,  will  immediately  begin  to  effervefce,  fhewing 
a frothing,  and  an  inteftine  motion  accompanied  with  heat, 
that  may  be  felt  by  applying  the  hand  to  the  outftde  of 
the  bottle.  The  elaftic  fluid  called  fixed  air  is  copioufly 
emitted  from  this  mixture,  and  pafling  through  the  bent 
tube,  will  go  into  the  bottle  K,  as  appears  by  the  bubbles, 
which  come  out  of  the  tube,  and,  pafling  through  the  water, 
afcend  to  the  top  of  the  inverted  bottle.  In  proportion  a^ 
the  elaftic  fluid  fills  the  bottle  K,  the  water  gradually  de- 
fcends,  and  at  laft  is  quite  expelled  from  it ; the  bottle  K 
then  is  filled  with  fixed  air,  and  being  corked  under  wa- 
ter, may  be  removed  from  the  bafin,  and  kept  for  ufe 
Another  bottle  may  then  be  filled  with  water,  and  may 
be  inverted  over  the  extremity  of  the  bent  tube  in  the 
place  of  K,  which  other  bottle  may  be  filled  in  a fimilar 

* When  bottles,  filled  with  fome  elaftic  fluid,  are  to  be  kept  for  a confider- 
able  time,  the  beft  method  is  to  leave  a fmall  quantity  of  water  in  them,  and 
then  they  muft  be  kept  with  the  corked  mouth  downward,  the  water  ferving 
to  prevent  more  efiedtually  the  efcape  of  the  elaftic  fluid  through  the  fides  of 
the  ftopper  and  the  neck  of  the  bottle. 


manner,, 


26i 


and  the  Defcription  of  the  Afparaius^  ^ c, 

manner,  and  To  on  till  the  mixture  in  F G has  finifhed  to 
yield  any  fixed  air 

If  one  of  thefe  bottles  filled  with  fixed  air  be  uncorked, 
and  holding  it  with  the  mouth  upwards,  a lighted  wax  ta- 
per, bent  like  L,  or  a fmall  piece  of  it  affixed  to  the  ex- 
tremity of  a wire,  be  immediately  let  down  in  it,  the  flama 
will  be  inftantly  extinguiffied.  The  fame  thing  will  hap- 
pen if  a lighted  piece  of  wood  is  let  down  in  it. 

Take  a clean  bowl,  and  putting  thq  mouth  of  a bottle,, 
filled  with  fixed  air,  in  it,  uncork  it,  and  keep  it  in  that 
fituation  for  about  a minute.  The  fixed  air  being  fpeci- 
fically  heavier  than  common  air,  will  come  out  of  the  bot- 
tle, and  will  remain  at  the  bottom  of  the  bowl,  whilft 
common  air  enters  into  the  bottle  ; which  bottle  may  now 
be  removed,  and,  in  order  to  fhew  the  real  exiflence  of 
the  fixed  air,  which  will  immediately  fhew  its  being  hea- 
vier than  common  air,  put  a lighted  wax  taper  into  the 
bowl,  pretty  near  its  bottom,  which  taper  will  be  extin- 
guifhed  immediately.  The  air  in  this  experiment  muft 
be  agitated  as  little  as  it  is  poflible.  That  the  flame  of 
the  wax  taper  was  really  extinguiffied  by  the  fixed  air, 

. may  be  eafily  proved  in  the  following  manner  : — Blow 
once  or  twice  into  the  bowl,  by  which  means  the  fixed 
air  will  be  expelled  from  it,  and  then,  on  letting  down  a 
lighted  wax  taper  in  it,  as  before,  it' will  be  found  that  it  is 

* The  effervefcence  in  the  bottle  F G,  if  required,  may  be  renewed,  by  pour- 
ing a little  more  oil  of  vitriol  in  it. 
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no  longer  extinguiflied,  but  will  burn  very  well,  the  bowl 
being  now  filled  with  common  air.  This  experiment 
never  fails  of  furprifing  the  fpedators,  as  it  clearly  exhi- 
bits two  remarkable  properties  of  a fluid,  which  they  can 
neither  fee,  nor  diftinguifh  by  the  feeling. 

When  the  bottle  K is  about  half  filled  with  fixed  air, 
put  a mark  with  a bit  of  foft  wax  on  the  outfide  of  it,  juft 
coinciding  with  the  level  of  the  water  in  it,  and  immedi- 
ately after  fhake  the  bottle ; but  taking  care  that  its 
mouth  be  not  lifted  above  the  furface  of  the  water  in  the 
bafin.  After  having  fhaked  it  for  about  a minute,  on  in- 
termitting the  agitation,  it  will  be  found  that  the  water 
is  above  the  mark,  which  fhews  that  fome  of  the  fixed  air 
has  been  abforbed  by  it  Let  this  abforption  be  carried 
on  as  far  as  poflible,  by  agitating  the  bottle  repeatedly, 
and  allowing  time  to  let  more  fixed  air  be  produced,  and 
enter  into  the  bottle,  in  proportion  as  the  water  abforbs 
it.  Then  apply  the  hand,  or  a finger,  to  the  mouth  of 
the  bottle  whilft  under  water  ; bring  the  bottle  out,  and 
turn  it  with  the  mouth  upwards.  The  water  then  will 
be  found  to  have  acquired  a pleafant  acidulous  tafte.  The 
water  thus  impregnated  with  fixed  air  changes  the  blue 

* If  the  produdion  of  fixed  air  from  the  effervefcing  mixture  in  the  bottle 
F G is  very  copious,  then,  on  eftimating  the  abforbtion  from  the  mark,  &c. 
a proper  allowance  fiiould  be  made  for  that  quantity  of  fixed  air  that  has  been 
produced  fince  putting  the  mark,  and  whilft;  the  bottle  has  been  kept  in  agi- 
tation. ► 
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inFufion  of  fome  vegetable  fubftances  into  red  ; fo  that  if 
a weak  folution  of  heliotrope  is  mixed  with  it,  or,  indeed, 
if  it  is  limply  expofed  to  fixed  air,  the  liquor  acquires  a 
reddifh  appearance.  It  alfo  corrodes  iron,  and  fome  other 
metals,  much  more  eafily  than  common  water.  But  the 
greateft  and  moft  ufeful  property  of  this  acidulated  water, 
or  water  impregnated  with  fixed  air,  is  its  being  a pow- 
erful antifeptic^  or  corredlor  of  putrefadion  ; fo  that  being 
ufed  internally  for  various  diforders  incident  to  the  human 
body,  it  has  proved  beneficial  in  a great  many  inftances, 
in  which  other  medicines  failed.  As  the  moft  ufed  mi- 
neral waters  are  medicinal  principally  on  account  of  their 
being  impregnated  with  fixed  air ; befides  which,  they 
generally  contain  fome  fmall  portion  of  metal  or  fait,  dif- 
folved  ; they  may  be  imitated  by  impregnating  water  with 
fixed  air,  and  then  adding  that  quantity  of  fait,  or  of  me- 
tal, that,  by  analyfis,  the  original  mineral  waters  are  found 
to  contain. 

Not  only  the  water  impregnated  with  fixed  air,  but  the 
fixed  air  itfelf,  has  been  fuccefsfully  ufed  as  a medicine  in 
cafes  of  putrid  difeafes.  When  ufed  for  external  cafes, 
the  affeded  part  has  been  commonly  expofed  to  the  fixed 
air  emitted  by  fermenting  liquors,  or  by  the  mixture  of 
calcareous  fubftances,  eftervefcino;  with  diluted  oil  of  vi- 
triol  in  an  open  veftel.  When  it  is  to  be  applied  inter- 
nally, the  fixed  air  is  received  in  a bladder,  and  then  ap- 
plying a proper  pipe  to  the  bladder,  the  gas  is  introduced 
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into  the  body  of  the  patient  by  way  of  glifters.  The  me- 
thod of  getting  this  elaftic  fluid  into  the  bladder  is  the  fol- 
lowing : — The  pipe  is  firft  tied  into  the  neck  of  the  blad- 
der, then  a perforated  cork  is  fixed  upon  the  bottle  contain- 
ing the  chalk  and  diluted  vitriolic  acid,  and  the  pipe  that 
is  faftened  to  the  bladder  is  introduced  faft  into  the  cork ; 
but  the  bladder  fhould  be  firft  accurately  comprefied  with 
the  hand,  fo  as  to  expel  from  it  all  the  common  air  it  con- 
tains. See  fig.  20.  In  this  fituation,  as  the  fixed  air  is  de- 
tached from  the  effervefcing  mixture,  it  enters  through  the 
pipe  into  the  bladder,  which  will  thereby  become  gra- 
dually inflated,  and  when  it  appears  full,  its  neck  muft 
be  comprefied,  and  the  pipe  is  flipped  from  the  cork;  af- 
ter which  another  empty  bladder  may  be  applied  to  the 
bottle,  which  will  be  filled  in  a fimilar  manner,  &c.  As 
the  neck  of  the  bladder  filled  with  fixed  air  muft  be  kept 
comprefied,  till  the  fixed  air  is  required  to  be  introduced 
into  the  body,  otherwife  it  would  be  loft  ; when  it  is  not 
to  be  ufed  immediately,  the  neck  of  the  bladder  may  be 
tied  with  a firing,  and  thus  may  be  kept  for  any  required 
time. 

Confidering  the  medical  properties  of  fixed  air,  it  ap- 
pears very  remarkable,  that  this  fluid,  fo  noxious  for  the 
breath  and  lungs  of  animals,  fhould  be  not  only  harmlefs, 
but  falutary,  when  applied  to  other  parts  of  the  body. 
Some  perfons  have  fufpe(fted,  that  to  introduce  this  elaftic 
fluid  into  the  body,  may  occafion  diftenfion,  flatulen- 
cies, 
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cies,  &c.  but  here  it  muft  be  cenfidered,  that  fixed  air 
is  eafily  abforbed  by  the  fluids  of  the  body,  and  therefore 
as  foon  as  it  is  introduced  it  incorporates  with  thofe  fluids, 
and  lofes  its  elaflic  form.  ; Indeed  I have  heard  fome  per- 
fons,  who  have  made  ufe  of  it,  fay,  that  fometimes  it  re- 
ally occafions  a diftenfion  of  the  abdomen  of  the  patient ; 
but  having  often  feen  the  inaccurate  way  that  feveral  of 
thofe  perfons  had  to  get  and  adminifter  the  fixed  air,  I 
can  venture  to  fay,  that  in  general  their  fixed  air  was 
mixed  With  much  common  air,  to  which  lafl:  fluid  the  dif- 
tenfion of  the  abdomen  fhould  be  attributed  \ it  being 
well  known,  that  but  a very  fmall  quantity  of  common 
air  is  abforbed  by  the  fluids  of  the  body,  or  by  fluids  in 
general. 

The  fixed  gas  in  feveral' cafes  may  be  obtained  in  plenty, 
fo  as  to  impregnate  water  with  it,  and  without  having  re- 
courfe  to  the  effervefcing  mixture  of  chalk  and  diluted 
vitriolic  acid ; for  liquors  undergoing  the  vinous  fermen- 
tation emit  a vafl;  quantity  of  it,  which,  being  heavier 
than  common  air,  forms  a confiderable  firatum  upon  their 
furfaces  ; and  hence  it  is,  that  lighted  candles  brought  near 
the  furfaces  of  fermenting  wines,  beer,  &c.  are  immedi- 
ately put  out ; and  that  people  who  work  in  breweries, 
and  have  occafion  to  be  for  a long  time  with  their  heads 
upon  the  fermenting  fubftances,  and  breathe  that  air 
mixed  with  fixed  air,  are  often  deprived  of  their  fenfes, 
or  nearly  fuft'ocated  j which  effed:  is  often  entirely  attri- 
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biited  to  the  inebriating  fpirit  of  the  liquor/namely,  to 
that  which  occafions  drunkennefs  after  exceffive  drinking. 
When  clofe  cellars,  in  which  great  quantities  of  wine,  or 
other  liquors  capable  of  fermentation,  are  kept  fhut  for  a 
confiderable  time,  the  accumulation  of  fixed  air  in  them 
is  fuch,  that  on  being  opened,  the  candles  that  are  brought 
down,  are  immediately  extinguifhed ; and  various  cafes 
are  related  of  people  who  have  loft  their  fenfes,  have  drop- 
ped down,  and  even  dead,  on  going  down  thofe  places. 
For  this  reafon,  the  wine  or  beer  cellars  fhould  be  always 
conftruded  fo  as  to  have  a free  ventilation,  capable  to  ex- 
pel the  noxious  elaftic  fluid  that  is  generated  from  the 
liquors  contained  in  them.  When  there  is  any  fufpicion 
of  the  air  of  a cellar  being  infeded,  the  beft  fafety  is  to 
bring  a lighted  candle  in  the  hand,  which,  by  being  ex- 
tinguilhed,  will  warn  the  people  againft  breathing  that 
air. 

In  breweries,  upon  the  furface  of  the  fermenting  liquor 
in  the  vats,  there  is  a ftratum  of  fixed  air  about  a foot 
deep,  which,  although  it  is  continually  mixing  with  the 
atmofpherical  air,  yet  is  fufliciently  pure  for  many  experi- 
ments. Thus,  if  a quantity  of  water  be  alternately  poured 
from  one  veflTel  into  another,  after  the  manner  ufed  to 
cool  fome  liquors  when  they  are  very  hot ; and  if  this 
operation  be  performed  within  the  ftratum  of  fixed  air, 
the  water  will  foon  become  impregnated  with  it.  “A 
“ perfon,”y2y;j  Dr,  Priestley,  “ who  is  quite  a ftranger  to 
5 the 


N 


and  the  Defcription  of  the  Apparatus^  267 

the  properties  of  this  kind  of  air,  would  be  agreeably 
“ amufed  with  extinguilhing  lighted  candles,  or  chips  of 
“ wood  in  it,  as  it  lies  upon  the  furface  of  the  fermenting 
“ liquor;  for  the  fmoke  readily  unites  with  this  kind  of 
“ air,  probably  by  means  of  the  water  which  it  contains  ; 
“ fo  that  very  little  or  none  of  the  fmoke  will  efcape 
“ into  the  open  air,  which  is  incumbent  upon  it.  It  is 
‘‘  remarkable,  that  the  upper  furface  of  this  fmoke,  float- 
“ ing  in  the  fixed  air,  is  fmooth,  and  well  defined;  whereas 
‘‘  the  lower  furface  is  exceedingly  ragged,  feveral  parts 
“ hanging  down  to  a confiderable  diftance  within  the  body 
“ of  the  fixed  air,  and  fometimes  in  the  form  of  balls, 
“ connected  to  the  upper  ftratum  by  flender  threads,  as 
“ if  they  were  fufpended.  The  fmoke  is  alfo  apt  to  form 
“ itfelf  into  broad  flakes,  parallel  to  the  furface  of  the  li- 
“ quor,  and  at  different  diftances  from  it,  exadfly  like 
“ clouds.  Thefe  appearances  will  fometimes  continue 
“ above  an  hour,  with  very  little  variation.  When  this 
fixed  air  is  very  ftrong,  the  fmoke  of  a fmall  quantity  of 
“ gun-powder  fired  in  it  will  be  wholly  retained  by  it,  no 
“ part  efcaping  into  the  common  air. 

“ Making  an  agitation  in  this  air,  the  furface  of  it 
“ (which  ftill  continues  to  be  exadly  defined)  is  thrown 
“ into  the  form  of  waves,  which  it  is  very  amufing  to  look 
“ upon ; and  if,  by  this  agitation,  any  of  the  fixed  air  be 
“ thrown  over  the  fide  of  the  veffel,  the  fmoke,  which  is 
mixed  with  it,  will  fall  to  the  ground,  as  if  it  was  fo 
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Experiment'  II.. 

To  produce  inflammable  Air  . 

The  procefs  for  making  this  fort  of  gas  is  the  fame  as 
that  for  making  fixed  air,  deferi bed  in  the  preceding  experi- 
ment; one  of  the  materials  only  muft  be  different,  viz.  iron- 
filings,  or  grofsly-powdered  zinc,  muff  be  ufed  inftead  of 
chalk  ; to  which  filings  fome  oil  of  vitriol  and  water  muft 
be  added,  in  the  fame  proportion  as  in  the  preceding  ex^ 
periment,  or  rather  a little  more  of  oil  of  vitrioL 

N.  B.  Inftead  of  the  filings  of  iron,  fmall  nails,  or 
fmall  bits  of  iron  wire,  anfwer  equally  welL 
The  inflammable  elaftic  fluid. produced  by  this  mixture, 
has  adifpleafing  fmell,  even  when  mixed  with  a very  large 
quantity  of  common  air  ; fo  that  if  any  confiderable  quan- 
tity of  it  comes  out  of  the  bottle,  before  the  cork  with  the 
bent  tube  be  applied  to  it,  &c.  its  fmell  may  be  perceived 
all  over  the  room  in  which  the  experiment  is  made ; but. 
this  fmell  is  not  particularly  offenfive. 

When  a bottle  has  been  filled  with  this  elaftic  fluid, 
flop  the  mouth  of  it  with  your  thumb,  or  any  ftopper, 
and  taking  it  out  of  the  bafin,  bring  it  near  the  flame 

* Priestley  on  different  kinds  of  air,  Part  I.  Sed.  i. 
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©f  a candle,  and  when  the  mouth  of  the  bottle  is  very  near 
it,  remove  the  flopper,  and  the  elaftic  fluid  contained  in' 
the  bottle  will  be  immediately  inflamed  ; and,  if  the.  ca- 
pacity of  the  bottle  is  nearly  equal  to  four  ounces  meafurcy 
it  will  continue  burning  quietly  for  about  half  a minute,’ 
the  flame  gradually  defcending  lower  and  lower,  as  far  as 
about  the  middle  of  the  bottle,  in  proportion  as  .the  in- 
flammable gas  is  confumed. 

In  this  experiment  we  fee,  that  inflammable  air  follows 
the  general,  rule  of  all  other  combuftible  fubftances,  name- 
ly, that  of  burning  only  when  in  contacfl  with  common  air 
thus  the  flame  of  this  gas,,  whilfl  burning,  is'  obfervable 
only  on  that  furface  of  it,  which  is»  contiguous  to  the  com- 
mon air,  fo  that  if  the  bottle  be  do  fed,  the  flame  is  put 
out  immediately,  becaufe  the  air  is  intercepted  from  it. 
But  if  the  inflammable  air  .were  put  in  fuch  a fituation  as- 
to  expofe  a very  great  furface, to  the  common^air,  it  is- 
plain,  that  by  this  means  its  combuflion  would  ibe  accele- 
rated, fo  as  to  let  it  burn  inftantly,  and  go  ofFwith  an  ex- 
plofion,  caufed  by  the  fuddeu  rarefaction  of. the  air.  Ini 
faCt,  this  efFeCt  may  be  eafily  obferved  in,  the.  following: 
manner — ^When  the  bottle  is  to  be  inverted  into  thedafin,. 
in  order  . to  let  -it  be  filled  with  the  inflammable  gas,,in- 
ftead  of  filling  it  entirely  with  water,  let  half  of  it  remain; 
filled  withj common  air;  then  invert  it,  and  let  the  other 
half,  which  now  is  filled  with  water,  be  filled  with  in- 
flammable air.  after  the  ufual  manner,  and  when  the  bot- 
tle 
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tie  is  full,  remove  it  in  the  manner  fhewn  above,  and  ap- 
proach it  to  the  flame  of  the  candle,  by  which  means  the 
inflammable  air  takes  fire ; but  now  it  explodes  all  at  once 
with  a large  flame  and  a confiderable  report,  fometiraes 
breaking  the  bottle  in  which  it  is  contained.  In  this  cafe, 
the  bottle  being  filled  with  equal  parts  of  inflammable  and 
common  air,  thefe  two  elaftic  fluids  were  mixed  together, 
fo  that  almoft  every  particle  of  the  one  touched  every  par- 
ticle of  the  other,  and  hence  the  fudden  combuftion  was 
occafioned.  The  force  of  this  explofion  is  fo  very  con- 
fiderable, that  fome  piftols  have  been  contrived,  whiph 
are  charged  with  a mixture  of  air  and  inflammable  gas, 
and  being  fired  by  means  of  an  electric  fpark,  are  capable 
to  drive  a leaden  bullet  with  great  violence.  Sometimes, 
thofe  piftols  are  made  of  glafs  (but  in  this  cafe  they  are 
not  charged  with  a bullet)  and  it  is  very  diverting  to  fhew, 
that  piftols  are  charged  and  explode  by  the  combuftion 
of  an  invifible  fubftance. 

When  a flender  pipe  is  tied  to  the  neck  of  a bladder,  and 
the  bladder  is  filled  with  inflammable  air,  after  the  man- 
ner defcribed'  in  the  preceding  experiment  (viz.  when  the 
bladder  was  required  to  be  filled  with  fixed  air)  two  very 
pleafing  experiments  may  be  performed  with  it.  Firft, 
the  inflammable  gas  may  be  inflamed  by  applying  the 
flame  of  the  candle  to  the  extremity  of  the  pipe  ; and 
fqueezing  at  the  fame  time  the  bladder,  a ftream  of  fire 
will  be  formed  in  the  air,  which  will  laft  as  long  as  the 
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bladder  contains  any  inflammable  air  ; for  this  gas  coming 
out  of  the  pipe  with  violence,  will  continue  inflamed  for 
a conflderable  way  in  the  air.  Secondly,  the  extremity 
of  the  pipe  may  be  dipped  into  a folution  of  foap,  then  re- 
moving it  from  the  folution,  and  fqneezing  the  bladder 
v^ry  gently,  a ball  of  foap -water  may  be  formed,  includ- 
ing inflammable  air ; which  ball,  on  .account  of  the  in- 
flammable gas  being  much  lighter  than  common  air,  as 
foon  as  it  is  detached  from  the  pipe,  will  afcend  upwards, 
and  will  break  by  dafhing  againfl:  the  ceiling,  contrary  to 
thofe  commonly  made  by  children,  which  in  ftill  air  go 
downwards. — Whilft  the  ball  is  afcending,  if  the  flame  of 
the  candle  be  approached  to  it,  the  film  of  foap- water 
will  be  inftantly  broke,  and  the  inflammable  air  will  take 
fire ; thus  a flame  may  be  fhewn  to  be  feemingly  pro- 
duced from  a foap-ball. 

When  a bottle,  or  any  other  receiver,  filled  with  this 
or  any  other  noxious  elaftic  fluid,  is  inverted  in  water  or 
mercury,  an  animal  being  introduced  in  it,  will  be  in- 
ftantly afle<fted  with  convulfions,  and  will  be  deprived  of 
life  ; but,  except  it  is  for  the  fake  of  afcertaining  fome 
new  fa<ft,  diverting  experiments  in  general  fliould  be  ra- 
ther made  with  inanimate  things,  than  with  the  lives  of 
animals,  and  at  the  expence  of  humanity. 
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Experiment  III. 

Fo  make  nitrous  Air, 

The  materials  for  making  nitrous  air,  are  bits  or  filing^ 
of  copper  or  brafs,  and  diluted  nitrous  acid.  The  metal 
is^  firft  put  into  the  bottle  (which,  as  well  as  the  whole 
procefs,^  rs  the  fame  as  that  deferibed  in  the  firft  experi- 
ment) fo  as  to  fill  abourt  one  third  of  the  fame,  then  fome 
water  is  poured  into  the  bottle,  fo  as  juft  to  cover  the  me- 
tal filings,  and  laftly  the  nitrous  acid  is  added,  the  quan- 
tity of  which,  when  ftrong,  ftiould  be  about  one  third,  or 
half  the  quantity  of  the  water.  The  fmell  of  the  nitrous 
gas  is  very  penetrating  and  oftenfive,  and,  as  was  ob- 
ferved  above, ^ it  occafions  a red  fmoke  as  foon  as  it  comes 
into  contact  with  the  common  air  : hence,  whenever  any 
©f  it  efcapes  from  the  bottle,  it  may  be  obferved,  not  only 
by  the  fmell,  but  alfo  by  the  flight  red  colour. 

In  order  to  obferve  the  principal  property  of  this  elaftic 
fluid,  which  k that  of  diminifhing  the  bulk  of  common 
air,  let  a glafs  tube,  clofed  at  one  end,  and  about  nine 
inches  long,  and  half  or  three  quarters  of  an  inch  in  dia- 
meter, be  filled  with  water,  and  inverted  in  water ; then 
take  a fmall  vial,*  of  about  half  an  ounce  meafure,  filled 
with  common  air,  and  plunging  it  under  the  water  con- 
tained in  the  fame  bafin  where  the  inverted  tube  is  kept, 
9 let 
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let  that  quantity  of  air  enter  into  the  tube  which  will 
go  to  the  top  of  it,  the  water  fubliding  accordingly.  Let 
a mark  be  made,  either  with  a file,  or  by  flicking  foft  wax 
on  the  tube,  jufl:  oppofite  to  the  furface  of  the  water  in  it, 
which  will  mark  how  much  of  the  tube  is  filled  by  that 
given  meafure  of  air.  After  the  fame  manner,  fill  the  fame 
fmall  vial  (which  we  fhall  call  the  meafure)  again  with 
air  ; throw  that  air  into  the  tube,  and  put  a mark  on  the 
tube,  coinciding  with  the  level  of  the  water  in  it.  In  this 
manner  let  four  or  five  meafures  be  marked  on  the  tube. 
Now  if  three  meafures  of  common  air  are  put  into  this 
tube,  when  filled  with  water  and  inverted,  they  will  fill  a 
fpace  of  it  as  far  as  the  third  mark.  The  fame  thing  will 
happen  if  three  meafures  of  nitrous,  inftead  of  common 
air,  are  put  in  it ; but  if  two  meafures  of  common  air, 
and  one  meafure  of  nitrous  air,  or  one  meafure  of  the 
former,  and  two  of  the  latter,  are  introduced  in  it,  they 
will  fill  a fpace  much  fiiorter  than  the  third  mark.  On 
the  moment  that  thefe  two  kinds  of  elaftic  fluids  come 
into  contact,  a reddifli  appearance  is  perceived,  which 
foon  vanifhes,  and  the  water,  which  at  firfl:  nearly  reaches 
the  third  mark,  rifes  gradually  into  the  tube,  and  becomes 
nearly  ftationary  after  about  two  or  three  minutes  ; which 
fhews  that  the  diminution  is  efledled  gradually. 

If  a given  quantity,  for  inftance,'  one  meafure  of  fixed 
air,  and  another  meafure  of  nitrous  air,  are  introduced 
f See  the  208th  page  of  this  work. 
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into  the  meafuTed  tube,  no  diminution  will  take  place ; 
neither  if  indammable  air  and  nitrous  air  are  mixed  to- 
gether : in  diort,  the  diminution  will  take  place  only 
when  refpirable  air  is  mixed  with  nitrous  gas,  and  it  is 
greater  when  the  air  is  purer,  and  contrarywife  : hence 
this  method  is  ufed  to  try  the  purity  of  the  air  ; compar- 
ing the  air  of  one  time  or  place  with  that  of  another  ; but 
for  fuch  purpofe  the  meafures  on  the  tube  muft  be  fub-di- 
vided  into  parts,  as  for  inftance,  20,  30,  or  other  number 
of  parts  of  a meafure,  which  is  ufually  done  by  dividing 
the  length  between  two  marks  with  a pair  of  compaffes, 
and  marking  thofe  divihons  either  upon  the  tube,  or  upon 
a brafs  fcale  to  be  applied  occafionally  againft  the  tube ; 
for  the  fmalleft  differences  muft  be  accurately  remarked 
in  fuch  cafes. 

A tube  fo  divided-,  or  in  general  an  inftrument  con- 
ftrucfted  for  the  purpofe  of  obferving  the  purity  of  the  air, 
fhewn  by  the  diminution  of  its  bulk  when  mixed  with 
nitrous  air,  has  been  called  an  eudiometer.  This  inftru- 
ment has  been  contrived  and  defcribed  of  various  forms, 
each  of  which  has  its  peculiar  faults  and  advantages,  as 
will  be  obferved  in  the  fequel. 

There  is  another  property  of  nitrous  air,  that  may  be 
ealily  tried  by  the  ingenious  reader.  This  is  its  power  of 
preferving  feveral  bodies,  efpecially  animal  fubftances, 
from  putrefaction  for  a very  long  time.  Pigeons,  pieces 
of  meat,  and  the  like,  have  been  preferved  wholefome  and 
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untainted  for  many  weeks,  by  being  only  kept  in  ajar  con- 
taining nitrous  air.  When  a bottle,  or  any  receiver,  in- 
verted in  water,  is  filled  with  nitrous  air,  a piece  of  meat 
may  be  introduced  in  it  by  pafling  it  through  the  water ; 
but  when  it  is  within  the  receiver,  it  fhould  be  kept  fo  as 
not  to  touch  the  water,  which  may  be  eafily  done  by 
means  of  flicks,  or  any  thing  that  may  ferve  as  a ftool.  A 
receiver,  with  a hook  proceeding  from  the  top  of  it,  may 
be  eafily  conftrucSled  for  this  purpofe.  After  fome  days  or 
weeks  this  meat  may  be  taken  out,  and,  being  wafhed  and 
dreffed,  it  will  be  found  to  be  wholefome,  and  without  the 
lead  mark  of  putridity.  It  may  only  be  obferved,  that 
when  it  has  been  kept  for  a very  long  time,  it  lofes  its  na- 
tural tafle  and  flavour,  and  becomes  rather  infipid  or  un- 
pleafant  to  the  palate. 

Notwithftanding  the  great  power  of  this  elaftic  fluid  to 
preferve  animal  fubftances  from  putrefadion,  I do  not  find 
that  nitrous  air  was  ever  ufed  in  medicine  with  any  good 
effedl;  and  it  feems,  oh  many  accounts,  improbable  that 
its  ufe  fhould  be  attended  with  any. 

Experiment  IV. 

To  mahe  dephlogificated  Air, 

The  eafieft  method  to  procure  fome  dephlogiflicated 
air,  is  to  put  fome  red-lead  into  the  bottle,  together  with 
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fome  good  ftrong  oil  of  vitriol,  but  without  any  water. 
Let  the  red-lead  fill  about  a quarter  of  the  bottle,  and  the 
vitriolic  acid  be  about  the  fame  quantity,  or  very  little 
lefs ; then  apply  the  bent  tube  to  the  bottle,  and  proceed 
in  the  fame  manner  as  above. — But  it  muft  be  remarked, 
that  without  heat  this  mixture  of  red-lead  and  vitriolic 
acid  will  not  give  any  dephlogifticated  air,  or  it  yields  an 
inconfiderable  quantity  of  it,  for  which  reafon  the  flame 
of  a candle  (that  of  a wax  taper  is  fuflicient)  muft:  be  ap- 
plied under  the  bottom  of  the  bottle,  which  for  this  pur- 
pofe  muft  be  rather  thin,  otherwife  it  will  be  eafily  crack- 
ed*.  In  this  manner  the  red  lead  will  yield  a good  quantity 
of  elaft  c fluid,  the  greateft  part  of  which  is  dephlogifticated 
air,  but  not  the  whole  quantity  of  it,  for  a good  portion 
of  fixed  air  comes  out  with  it.  In  order  to  feparate  the 
fixed  from  the  dephlogifticated  air,  the  inverted  bottle, 
when  filled  with  the  compound  of  both,  as  it  is  emitted 
from  the  read-lead,  muft  be  fhook  in  the  bafi'^-,  after  the 
manner  fhewn  in  the  firft  experiment,  for  impre;^  'mating 
water  with  fixed  air  \ by  which  means  the  water  will  ab- 

* In  this  operation,  the  flame  of  the  candle,  when  once  applied,  rnufl  be  kept 
continually  near  if,  and  when  the  mixture  does  not  produce  any  more  elaftic 
fluid,  or  the  operation  is  required  to  be  intermitted,  care  flhould  be  taken  to 
remove  the  extremity  of  the  bent  tube  from  the  water  and  then  to  take  off 
the  flame  of  the  candle  from  under  the  bottle  ; otherwife,  if  the  flame  of  the 
candle  be  firft:  removed,  the  materials  within  the  bottle  condenfing  by  cold,  the 
water  immediately  enters,  which  in  an  inftant  fills  the  bottle,  and  generally, 
breaks  it. 

forb 
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forb  tbe  whole  quantity  of  fixed  air,  and  leave  the  dephlo- 
gifticated  air  by  itfelf. 

When  a bottle  is  thus  intirely,  or  in  good  part,  filled 
with  dephlogifticated  air,  flop  it  with  your  thumb,  or  any 
fiopper ; take  it  out  of  the  water  of  the  bafin  ; turn  it 
with  the  mouth  upwards;  then  light  a bit  of  wax  taper, 
faftened  to  the  extremity  of  a wire,  in  the  manner  fhewn 
in  fig.  19,  and  removing  the  flopper  from  the  bottle,  let 
the  lighted  taper  down  into  it,  and  it  will  be  found  that  as 
foon  as  it  comes  into  contadl  with  the  dephlogifticated  air, 
its  flame  is  increafed  to  a prodigious  degree.  It  burns  with 
a kind  of  violence  or  deflagration,  and  an  increafed  light,, 
that  is  very  beautiful  to  behold : but  in  proportion  as  the 
dephlogifticated  air  becomes  contaminated,  the  flame  gra- 
dually leflens,  and  at  laft  is  extinguifhed,  in  the  fame 
manner  as  if  it  were  put  into  common  air.  Chips  of 
wood,  with  only  a red  coal  at  their  extremities,  when  let 
down  into  a jar  containing  dephlogifticated  air,  will  in- 
ftantly  flame,  and  burn  very  rapidly,  till  the  dephlogifti- 
cated air  becomes  contaminated. 

If  a quantity  of  inflammable  be  mixed  with  an  equah 
quantity  of  dephlogifticated  air,  and  the  mixture  be  fired,, 
the  explofion  is  incomparably  greater,,  than  if  common  air 
had  been  mixed  with  the  inflammable  gas. 

By  placing  an  animal  in  a receiver  filled  with  this  elaftic 
fluid,  and  another  like  animal  in  an  equal  receiver  filled, 
with  common  air,  it  will  be  found  that  the  former  will 

live; 
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live  much  longer  than  the  latter  ; all  which  clearly  fhews, 
that  this  fort  of  elaftic  fluid,  called  dephlogifticated  air,  is 
much  more  fit  to  aflifl:  refpiration  and  combuftion  than 
common  air  is  ; and  accordingly,  if  a meafure  of  it,  with 
a meafure  of  nitrous  air,  be  put  into  an  eudiometer,  (viz. 
into  the  above-mentioned  meafured  tube)  the  diminution 
will  be  found  to  be  much  more  conflderable  than  if  a 
meafure  of  common  air,  and  another  meafure  of  nitrous 
air,  were  mixed  together. 

Experimen  t'  V. 

1*0  make  nitrous  acid  Air* 

Hitherto  we  have  defcribed  the  methods  of  obtaining 
fuch  elaftic  fluids  as  are  not,  or  but  flowly,  abforbed  by 
water  ; and  the  reader  may  recollecft,  that  befldes  the  dif- 
ference of  materials,  and  the  necefllty  of  applying  heat  for 
the  produdion  of  the  laft-mentioned  elaftic  fluid,  the  reft 
of  the  operation,  and  the  inftruments  neceffary,  are  the 
fame  in  each  procefs.  Indeed,  they  are  the  fame  in  the 
following  alfo;  but  as  the  other  elaftic  fluids  are  inftantly, 
and  in  great  quantity,  abforbed  by  water,  fome  other  fluid 
muft  be  fubftituted  inftead  of  water  ; and  the  beft  fluid 
hitherto  found,  is  quickfllver,  with  which  the  bafln  and 
the  inverted  bottle  muft  be  filled.  The  price  and  weight 
of  this  moft  ufcful  fluid  are  certainly  fuch  as  will  render 

its 
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its  life  much  lefs  common  than  water*;  but  there  is  no 
other  remedy,  belides  that  of  uhng  as  fmall  a bafin  and 
receiver  as  may  be  juft  fufficient  for  the  purpofe,  and  to 
take  care  to  lofe  the  fmalleft  poiTible  quantity  of  mercury; 
for  by  the  various  operations  of  removing  and  replacing 
inftruments,  &c.  fome  mercury  is  always  dropped,  even 
by  the  mofl  experienced  perfons. 

In  order  to  obtain  the  vitriolic  acid  air,  fome  ftrong 
concentrated  vitriolic  acid  muft  be  put  into  the  ufual  bot^- 
tie,  together  with  fome  fubftance  capable  of  furnifhing 
phlogifton.  Olive  oil  anfwers  very  well.  The  oil  of  vi- 
triol fhould  be  about  three  or  four  times  as  much  as  the 
fweet  oil,  and  both  together  fhould  fill  about  one  third  or 
half  the  bottle.  A gentle  degree  of  heat  is  then  required, 
in  order  to  let-thefe  materials  yield  any  elaffic  fluid;  which 
may  be  done  by  applying  the  flame  of  a wax  taper,  as  di— 
redted  above  for  the  production  of  dephlogifticated  air. 

This  elaftic  fluid  has  no  aClion  upon  quickfllver,  but  is 
eaflly,  and  in  great  quantity,  abforbed  by  water  ; fo  that 
if  a fmall  quantity  of  water  be  introduced  into  the  receiver 
containing  it,  and  inverted  in  quickfllver  the  whole 


* In  order  to  introduce  water,  or  any  ocher  fluid,  into  a receiver  inverted  in 
quickfllver,  let  a fmall  phial  be  quite  filled  with  that  liquid,  then  holding  it 
with  the  hand,  flop  its  mouth  with  a finger,  and  thus  plunge  it  into  the  quick:- 
filver,  and  pafs  it  under  the  inverted  receiver,  where  being  unftopped,  and  turned 
with  the  mouth  upwards,  the  contained  fluid  will  inftantly  afeend  to  the  top  of 
the  quickfllver  in  the  receiver,  on  accou.ot  of  its  being  fpecifically  lighter  than 
quickfllver. 


quantity 
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quantity  of  the  acid  air  difappears,  being  abforbed  by  the 
water  ; from  which  it  efcapes  very  eaiily  when  expofed  to 
the  open  air.  The  water  thus  impregnated  acquires  the 
properties  of  the  volatile  or  fulphurous  vitriolic  acid, 

A piece  of  camphor  introduced  into  a receiver  contain- 
ing this  kind  of  elaftic  fluid,  is  eaflly  diffolved,  but  by  the 
addition  of  water  the  camphor  is  again  recovered. 

If  a piece  of  charcoal  is  admitted  to  this  vitriolic  acid 
gas,  it  abforbs  a good  quantity  of  it,  and  acquires  from  it 
a difagreeable  and  pungent  fmell.  It  is  remarkable,  that 
this  elaftic  fluid  does  not  a<ft  upon  iron ; whereas  the 
water  combined  with  it  is  a powerful  folvent  of  that 
metal. 

Experiment  VI. 

‘To  make  marine  acid  Air, 

Put  fome  fea-falt,  or  common  kitchen  fait,  into  the 
ufual  bottle  in  which  the  materials  for  producing  elaftic 
fluids  are  generally  put,  fo  as  to  fill  about  a fourth  part  of 
it,  and  upon  this  fait  pour  a fmall  quantity  of  good  con- 
centrated vitriolic  acid  \ then  apply  the  bent  tube  to  the 
bottle,  and  introduce  it  through  the  quickfilver  into  the 
receiver,  filled  with,  and  inverted  in  quickfilver,  after  the 
ufual  method,  and  the  elaftic  fluid,  called  marine  acid 
airy  is  copioufly  produced.  , 

A fmall  quantity  of  water  introduced  into  a receiver, 

2 containing 
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containing  this  fort  of  elaftic  fluid,  abforbs  inftantaneoufly 
a prodigious  quantity  of  it,  and  becomes  a very  ftrong  ma- 
rine acid  fpirit ; indeed,  much  ftronger  than  can  be  ob- 
tained by  any  other  means. 

If  any  metallic,  or,  in  general,  any  inflammable  fub- 
ftance,  capable  of  furnilhing  a conflderable  quantity  of 
phlogifton,  as  fpirit  of  wine,  oil,  &c.  be  introduced  into  a 
receiver  filled  with  this  elaftic  fluid,  it  occafions  a remark- 
able change,  viz.  the  marine  acid  air,  by  adling  on  it,  will 
be  changed  into  an  inflammable  elaftic  fluid,  that  takes 
fire  by  the  contact  of  ignited  bodies. 

When  a fmall  quantity,  as  for  inftance,  about  a fourth 
part,  of  marine  acid  air  is  mixed  with  one  part  of  common 
air,  and  a lighted  candle  is  introduced  into  the  receiver 
containing  this  mixture,  the  flame  of  the  candle  acquires 
a beautiful  green  or  blueifli  colour. 

Experiment  VII. 

7^  7nake  nitrous  acid  Air, 

The  elaftic  fluid,  called  nitrous  acid  air,  may  be  obtained 
Irom  heated  nitrous  acid,  the  vapour  of  which  acquires  a 
permanent  elafticity,  and  it  has  been  found  to  remain  un- 
Gondenfed  into  a vifible  fluid,  by  the  cold  to  which  it  has 
been  hitherto  expofed.  The  great  difficulty,  as  we  ob- 
ferved  above,  is  to  find  a fluid  capable  of  confining  this 
acid  air,  becaufe  it  is  eafily  and  abundantly  abforbed  by 

O o water, 
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water,  which  is  one  of  its  properties  by  which  it  differs 
from  nitrous  air.  It  ads  upon  quickfilver,  and  alfo  upon 
oils ; hence  its  examination  cannot  be  made  but  very  im- 
perfectly ; for  fiibfliances  muft  be  expofed  to  it,  or  mixed 
with  it,  whilfl:  it  is  adually  changing  its  nature  by  ading 
on  the  mercury  or  other  fluid  that  confines  it. 

When  water  has  abforbed  a good  quantity  of  this  elaflic 
fluid,  it  acquires  the  properties  of  nitrous  acid,  and  when 
heated,  it  yields  a large  quantity  of  nitrous  air,  viz.  a 
quantity  many  times  greater  than  that  which  water  is 
woiit  to  imbibe  of  it*  by  agitation,  or  by  any  known 
means. 

When  the  nitrous  acid  air  is  combined  with  eflential 
oils,  a confiderable  effervefcence  and  heat  is  produced, 
nearly  in  the  fame  manner  as  when  the  nitrous  acid  itfelf 
is  poured  upon  thofe  oils. 

Experiment  VIII. 

To  make  Jiuor  acid  Air, 

Put  fome  of  thofe  minerals,  called  fluors^  or  fufble 
/pars  pulverized,  into  the  ufual  bottle,  and  upon  it  pour 
fome  concentrated  oil  of  vitriol ; then  adapt  the  bent  tube. 
See, — The  fluor  acid  air  is  at  firfl  produced  without  the 
help  of  heat,  but  in  a fhort  time  it  will  be  neceffary  to  ap- 


* See  page  49  of  this  work. 
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ply  the  flame  of  a candle  to  the  bottle,  by  which  means  a 
conflderable  quantity  of  this  elaftic  fluid  is  obtained. 

The  properties  of  fluor  acid  air  are  nearly  the  fame  as 
thofe  of  the  vitriolic  acid  air;  hence  fome  excellent  philofo- 
ph  ers  are  of  opinion,  that  thofe  two  acid  airs  are  eflTentially 
the  fame.  The  principal,  if  not  the  only  property  by  which 
they  are  diftinguiflied  from  each  other,  is  that  when  water 
is  admitted  into  a receiver  containing  fluor  acid  air,  the 
water  abforbs  only  a part  of  it ; for  a ftony  cruft  is  formed 
upon  the  furface  of  the  water,  which  hinders  the  farther 
abforption,  and  which  muft  be  broke  before  the  water 
abforbs  any  more  of  it. 

Experiment  IX. 

To  7nake  alkaline  Air, 

Let  the  ufual  bottle  be  about  half  filled  with  volatile 
fpirit  of  fait  ammoniac,  and  after  applying  the  bent  tube, 
&c.  let  the  flame  of  a candle  be  brought  under  the  bottle, 
by  which  means  the  alkaline  air  will  be  produced  co- 
pioufly. 

If  a fmall  quantity  of  water  is  introduced  into  the  re- 
ceiver filled  with  this  elaftic  fluid,  the  whole  quantity  of 
it  is  readily  abforbed  by  the  water,  which  thereby  be* 
comes  a ftrong  volatile  alkaline  fpirit.  If  fome  of  this 
gas  is  introduced  into  a receiver  containing  either  the  ma- 
rine or  the  vitriolic  acid  air,  a white  cloud  is  inftantly 
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formed,  and  the  two  invifible  elaftic  fluids,  loflng  at  once 
their  elaflicity,  form  a viflble  fubftance,  namely,  concrete 
ammoniacal  falts. 

' When  alkaline  air  is  mixed  with  common  air,  it  be- 
comes inflammable. 

Thus,  by  thofe  few  experiments,  the  reader  may  learn 
the  eafleft  methods  of  producing  the  various  forts  of  perma- 
nently elaftic  fluids,  without  much  expence,  or  great  va- 
riety of  inftruments ; and  he  may  alfo  know  how  to  dif- 
tinguifli  one  fort  of  elaftic  fluid  from  another,  which  is 
not  only  of  ufe  to  thofe  perfons,  who  deflre  to  become  ac- 
quainted with  this  branch  of  natural  philofophy,  but  alfo 
for  thofe  who  have  a mind  to  divert  a leifure  hour,  or  to 
afcertain  the  exiftence  of  different  elaftic  fluids  in  various, 
occafions,  as  upon  fermenting  liquors,,  in  the  bottoms  of 
pits,  wells,  &c. 

In  thofe  experiments  I have  purpofely  avoided  to  men- 
tion thofe  niceties  of  operations,  which  can  never  be  ex- 
pected from  beginners,  and  the  taking  notice  of  which 
might  have  rather  confufed  the  reader.  The  properties 
of  the  various  elaftic  fluids  that  have  been  mentioned,  are 
alfo  few ; but  they  are  the  principal  charadteriftics  by 
which  one  may  be  diftinguifhed  from  the  other,  and 
which,  after  once  or  twice  peruflng  this  chapter,  may  be 
eaflly  remembered. 

' Suppofe,  for  inftance,  that  to  a perfon  who  is  ac- 
quainted with  the  charadleriftic  properties  of  the  different 

5 elaftic 
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elaftic  fluids  mentioned  in  this  chapter,  a receiver  contain- 
ing fome  elaftic  fluid,  and  inverted  in  water,  was  prefented, 
and  that  he  was  requefted  to  find  out  what  kind  of  elaftic 
fluid  that  receiver  contains.  Firft,  it  is  plain,  that  this 
elaftic  fluid  muft  be  of  thofe  that  are  not  inftantly  ab- 
forbed  by  water,  otherwife  it  could  not  remain  in  the 
receiver  inverted  in  water.  Now,  by  inclining  a little  the 
receiver,  fo  as  to  let  a fmall  quantity  of  the  contained 
elaftic  fluid  out  of  it,  and  applying  the  noftrils  to  it,  he 
may  eafily  diftinguifh  whether  that  elaftic  fluid  is  nitrous, 
or  inflammable  air  ; for  among  thofe  that  are  not  inftantly 
abforbed  by  water,  thefe  two  elaftic  fluids  only  have  pe- 
culiar ftrong  fmells,  which,  when  once  known,  can  hardly 
ever  be  confufed  again.  Secondly,  if  the  elaftic  fluid  con- 
tained in  the  receiver  has  no  fmell,  it  is  plain,  that  it  muft 
be  one  of  the  reft,  viz.  either  common,  or  fixed,  or  de- 
phlogifticated  air. — In  this  cafe,  let  a fmall  receiver  be 
filled  with  part  of  the  elaftic  fluid  out  of  the  large  re- 
ceiver, and  being  taken  out  of  the  water,,  turn  it  with  the 
mouth  upwards,  and  let  a lighted  wax  taper  down  into  it,, 
which,  if  on  its  firft:  reaching  the  bottom  of  this  fmall  re- 
ceiver, burns  equally  as  well  as  it  does  in  the  open  air, 
fhews  that  the  elaftic  fluid  contained  in  the  large  receiver, 
out  of  which  the  fmall  one  has  been  filled,  is  common 
air  ; if  it  burns,  much  better  than  in  the  open  air,  viz.  with 
an  enlarged  flame,  a greater  light,  &c.  it  fhews  that  the 
elaftic  fluid  in  queftion  is  dephlogifticated  air  ; but  if  it  is- 
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inftantly  extinguillied,  theiv-t4iat -elaftic  fluid- muft  be 
either  fixed  air,  or  contaminated  common  air  ; but  the 
former  of  thofc  two  fluids  is,  by  means  of  agitation,  eafiiy 
abforbed  by  water,  and  the  other  is  not  \ therefore,  if  a 
mark  be  put  upon  the  receiver,  coinciding  with  the  fur- 
face  of  the  water  in  it,  and  then  the  receiver  be  fhook  in 
water  for  about  one  minute  (but  taking  care  that  none  of 
the  contained  elailic  fluid  is  let  out  of  it)  the  queftion  will 
be  immediately  decided  ; for  if  a diminution  is  obferved, 
which  is  indicated  by  the  water  rifing  above  the  mark, 
the  contained  elafiic  fluid  is  fixed  air  ; otherwife  it  is  con- 
taminated common  air,  or,  as  it  is  more  ufually  called, 
phlogijiicated  air. 

In  a fimilar  manner  the  nature  of  the  elaftic  fluid  con- 
tained in  a receiver  inverted  in  quickfilver  may  be  found 
out  ; for  in  the  firft  place,  by  admitting  a fmall  portion  of 
water  to  it,  may  be  eafily  known  whether  or  no  it  is  of 
thofe  which  are  inftantly  abforbed  by  water.  Secondly, 
If  k is  of  thofe  that  are  abforbed  by  water,  its  nature  may 
be  known  by  the  take  and  fmell  it  gives  to  the  water,  or 
by  the  ftony  cruft  it  depofits  upon  the  furface  of  the 
water. 

Here  we  have  only  fuppofed,  that  a Angle  elaftic  fluid 
is  contained  in  the  given  receiver;  but  the  difficulty  con- 
fifts  in  finding  out  the  diflerent  forts  and  quantities  of 
permanently  elaftic  fluids  that  are  contained  in  a mixture 
of  them,  which  is  often  required  in  performing  experi- 
lo  ments 
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ments  of  this  fort;  but  this  cannot  be  eafily  comprc’- 
hended  nor  pradtifed  without  a good  acquaintance  with 
the  fubjed,  and  a readinefs  in  performing  the  experi- 
ments ; we  fhall  therefore  take  notice  of  it  towards  the 
latter  €nd  of  this  book. 


C H A P.  . V. 

Containing  the  defcription  and  ufe  of  the  apparatus  prin^ 
cipally  necejfary  to  make  experiments  relative  to  the  nature 
and  properties  of  permanently  elaflic  fluids. 


I T H E R TO  we  have  defcribed  thofe  few  inftru- 
ments,  which  are  juft  fufticient  to  initiate  the  no- 
vice in  this  fubjedj  and  to  fhew  the  principal  charac- 
teriftic  properties  of  the  different  permanently  elaftic 
fluids ; but  a thorough  examination  of  the  various  pro- 
perties of  thofe  fluids,  and  a farther  inveftigation  of  this 
ample  field  of  philofophicai  refearches,  requires  a far 
greater  number  of  inftruments.  Indeed,  as  this  fubjed  is 
conneded  with  every  branch  of  natural  philofophy,  it  re- 
quires the  help  of  inftruments  belonging  to  other  fciences ; 
for  inftance,  the  eledrical  machine,  the  chymical  inftru- 
ments, &c.  are  alfo  neceffary  for  it ; but  of  thofe  we  Ihall 
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omit  to  give  the  particular  defcription,  becaufe  they  are 
not  immediately  belonging  to  this  fubjedt,  and  they  arc 
fully  defcribed  in  various  treatifes  written  exprefsly  on 
thofe  fciences. 

That  the  greateft  poflible  perfpicuity  and  diftindiion 
might  be  preferved  in  the  defcription  of  the  numerous  in- 
ftruments  to  be  ufed  in  the  experiments  on  air  and  other 
permanently  elaftic  fluids,  we  fhall  arrange  them  into 
three  clafles,  allotting  to  the  firft  the  inftruments  necef- 
fary  to  detain  the  various  elaftic  fluids ; defcribing  in  the 
fecond  thofe  neceflary  for  their  produ6lion  ; and  in  the 
laft,  mentioning  thofe  inftruments  which  are  neceflary  to 
fhew  the  divers  properties  of  thofe  fluids,  and  to  employ 
them  for  the  various  interefting  purpofes  of  philofophy, 
phyflc,  and  oeconomy. 

Here  the  reader  muft  remark,  that  this  apparatus  is  in- 
tended for  thofe  who  are  not  yet  provided  with  any ; in 
which  cafe  it  is  necelTary  to  give  the  moft  ufeful  direc- 
tions, that  the  prefent  knowledge  of  the  fubjecft  can  fur- 
nifli ; but  for  thofe  who  are  already  furnifhcd  with  in- 
ftruments  of  this  fort,  it  is  not  advifeable  to  have  them 
altered  for  the  fake  of  following  the  directions  given  in 
this  chapter,  excepting,  however,  thofe  conftruCtions  were 
attended  with  remarkable  inconveniences. 

The  principal  inftruments  that  are  neceflary,  to 
make  experiments  on  air  and  other  permanently  elaftic 
fluids,  are,  a tub  filled  with  water,  and  another  filled  with 
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mercury.  Fig.  i.  plate  II.  reprefents  the  tub  to  be  filled  with 
water.  The  fize  and  fiiape  of  this  tub  has  been  varied  ac- 
cording to  the  fancy  of  almofi:  every  perfon,  who  has  made 
ufe  of  it,  and  according  as  new  difcoveries  have,  from 
time  to  time,  pointed  out  fome  advantages  or  defeats  of 
particular  conftrudlions.  When  a perfon  has  the  advan- 
tage of  a pipe  that  conveys  abundance  of  water  into  his 
experimental  room,  he  may  ufe  as  large  a tub  as  he  pleafes; 
it  being  a great  advantage  to  ufe  a very  large  vefiel,  wherein 
many  or  one  long  fhelf  may  be  fixed,  fo  as  to  contain  fe- 
veral  receivers,  and  to  admit  of  many  operations  being 
carried  on  at  once  ; but  for  the  generality  of  perfons,  fuch 
very  large  tub  would  be  inconvenient,  on  account  of  the 
trouble  that  attends  the  changing  its  water,  which,  when 
experiments  are  frequently  performed,  fiiould  be  changed 
at  lead:  once  a week. 

The  tub  ABCD,  reprefented  in  fig.  i,  is  fuch  as  may 
be  ufeful  for  every  experiment  that  can  be  performed  in 
water.  It  is  of  an  elliptical  or  oval  fhape ; its  longed: 
axis,  viz.  from  A to  B,  being  about  28  inches,  and  the 
fhorter,  viz.  its  breadth,  being  about  14  inches.  Its  depth 
is  17  inches.  The  wood  of  which  the  tub  is  to  be  made, 
fhould  be  compad,  ftrong,  and  rather  old.  The  finer 
fort  of  mahogany  is  very  good  for  this  purpofe ; but  this 
wood  is  much  dearer  than  that  commonly  employed  for 
walhing-tubs.  This  laft-mentioned  fort  of  wood  generally 
gives  fome  colour  to  the  water ; but  when  the  tub  made 
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of  it  has  been  kept  full  for  fome  time,  and  the  water  has 
been  changed  five  or  fix  times,  it  no  longer  imparts  any 
colour  or  tafte  to  the  water.  The  beft  and  cheapeft  way 
is  to  have  a tub  of  this  fort  of  wood,  hooped  with  iron 
hoops,  and  painted  on  the  outfide  with  fome  oil  paint,, 
which  will  preferve  both  the  wood  and  the  iron  hoops. 
Two  brafs  or  iron  handles,  K K,  fhould  be  fixed  on  the 
outfide  of  this  tub,  which  are  very  ufeful  when  the  vefiel 
is  required  to  be  emptied,  or  carried  from  one  place  to- 
another.  Some  perfons  chufe  to  have  the  infide  of  the 
tub  painted,  or  lined  with  lead  ; but  my  reader  may  reft 
aiTured,  that  the  naked  wood  is  by  far  the  more  preferable, 
becaufe,  after  having  performed  fome  experiments,  the 
water  of  the  tub  becomes  impregnated  with  acids,  with 
elaftic  fluids,  and  other  fubftances,  which  corrode  that 
lining,  and  render  ambiguous  the  experiments  that  are  per- 
formed in  the  tub.  Perhaps  a very  thick  coat  of  flrong 
copal  varnifh  would  not  he  amifs ; but  this  coat  of  varnifli 
is  expenfive,  requires  a long  time  to  dry,  and  is  fubje<fl  to 
crack.  The  beft  thing  would  be,  to  ufe  a vefiel  of  hard 
earthen  ware,  made  in  .the  fhape  of  the  vefifel  ABC  D,, 
with  a flielf,  and  all  of  one  piece;  but  I am  confident, 
that  the  price,  and  facility  of  breaking  fuch  a vefteJ,  will 
prevent  its  ufe  to  become  general. 

On  one  end  of  this  tub  an  horizontal  fhelf  e gf  is  to  be 
fixed,  about  3 inches  below  the  edge  of  the  tub,  and  fo 
long  as  to  come  within  a little  more  than  the  third  part 
X of 
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of  the  length  A B of  the  tub.  The  fhelf  muft  be  made 
with  one  piece  of  wood,  about  one  inch  and  a half,  or  two 
inches  thick,  and  on  the  under  fide  of  it  two  funnels  muft 
be  excavated  into  the  thicknefs  of  the  wood,  and  termi- 
nating in  the  holes  h i ; which  holes  are  a little  more 
than  a quarter  of  an  inch  in  diameter,  and  lie  about  one 
inch  diftance  from  the  edge  e f. 

Fig.  the  2d,  plate  II.  reprefents  the  under  ftde  of  the 
Ihelf,  with  the  funnels,  and  alfo  a cut  of  the  fame  through 
the  line  A B ; which  is  done  in  order  to  give  a better  idea 
of  the  fhape  of  thofe  funnels. 

Fig.  the  3d,  plate  II.  reprefents  the  inftde  of  the  extre- 
mity A C e f oi  the  tub,  which  ferves  to  fhew  the  manner 
of  faftening  the  fhelf  in  it,  Viz.  by  fixing  it  in  the  groove 
made  by  the  fmall  pieces  of  wood  LLL  MMM,  which 
are  nailed  to  the  tub.  When  the  flielfis  to  be  taken  out,- 
in  order  to  clean  the  tub,  it  is  plain  that  it  muft  be  taken 
off  by  pulling  it  horizontally  towards  the  end  B,  fig.  i,  of 
the  tub  ; and  as  it  might  fometimes  come  out  of  its  place 
when  it  is, not  required,  a pegis  thrufted  in  a fmall  hole  at  e 
in  the  tub,  which  will  effedlually  prevent  its  coming  out. 
The  beft  fituation  of  this  tub  is  upon  a ftool,  fo  high  that 
its  edge  may  be  about  thirty  inches  above  the  floor,  which 
is  a very  convenient  height  for  perfons,  who  chufe  to  fit 
when  they  make  experiments  near  it  ; but  if  any  body 
had  rather  ftand,  then  the  tub  muft  be  placed  higher. 
In  any  cafe,  it  fhould  be  always  fituated  near  a window  ; 
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it  being  neceffary  to  have  a good  light  falling  upon  it,  and 
the  operator  fhould  never  place  himfelf  between  the  tub 
and  the  window.  To  htuate  it  againft  a wall,  as  fome 
people  do,  is  rather  inconvenient. 

The  tub  for  the  quickfilver,  which  is  neceffary  for  ex- 
periments upon  thofe  elaftic  fluids  which  are  eaflly  abforbed 
by  water,  is  a wooden  box,  ABC,  fig.  4,  plate  II.  of  an 
oblong  form.  The  larger  this  box  is  made,  the  more  ufe- 
ful  it  is  ; but  the  price  and  weight  of  the  quickfilver  i» 
fuch,  that  obliges  one  to  adopt  the  fmalleft  fize  that  can 
be  juft  fufficient.  Several  perfons  ufed  to  fill  a common 
bafin  with  quickfilver;  but  fuch  veflTels  are  very  inconve- 
nient, firft,  becaufe  their  Ihape  is  not  the  beft  calculated 
to  render  ufeful  a fmall  quantity  of  quickfilver ; and  fe- 
condly,  becaufe  a fhelf  cannot  be  conveniently  fixed  in 
them. 

The  box  ABC  fhould  be  at  leaft  12  inches  long,  4. 
inches  wide,  and  5 inches  deep  ; which,  when  filled  with- 
quickfilver  till  within  about  half  an  inch  of  the  top  or 
edge,  contains  about  100  pounds  weight  of  quickfilver.  A, 
veffel  of  fmaller  dimenfions  may  be  adapted  to  feveral  ex- 
periments, but  in  general  is  very  inconvenient  to  operate- 
in.  To  one  end  of  the  box  or  trough  A B C a fhelf  muft 
be  fixed,  made  of  a piece  of  wood  about  half  an  inch 
thick,  having  a funnel  excavated  in  its  under  part,  and 
terminating  in  the  holeyi  The  fhelf  fhould  be  fixed  in 
grooves,  after  the  manner  deferibed  above  for  the  water.- 
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tub  ; fo  as  to  admit  the  (helf  being  eafily  taken  out  and  re- 
placed again.  Fig.  5,  plate  II.  reprefents  the  fhelf  inverted, 
and  alfo  a cut  of  the  fame  along  the  line  R R.  The  hole  f 
fig.  4,  mufi:  not  be  even  with  the  fhelf,  but  Ihould  termi- 
nate in  a fmall  pipe  about  a quarter  of  an  inch  high,  as 
may  be  clearly  feen  in  the  cut  of  the  fhelf,  fig.  5.  This 
may  be  done  by  gluing  in  the  hole  a turned  piece  of  wood 
or  ivory,  with  a hole  through,  of  about  a quarter  of  an 
inch  in  diameter ; but  this  piece  on  the  under  part  of  the 
fhelf  fhould  be  filed,  and  made  to  go  even  with  the  fide 
of  the  funnel,  fo  that  no  edgemay  remain;  which,  in  per- 
forming the  experiments,  would  hinder  and  retain  fome  of 
the  elaftic  fluid  that  is  intended  to  be  fent  through. 

This  box  ABC  Ihould  be  furnifhed  with  two  iron  or 
wooden  handles,  like  that  feen  in  the  figure  at  L,  and 
fhould  be  fltuated  within  another  fhallowand  much  larger 
box  H I K,  which  ferves  to  retain  any  quickfllver  that  is 
dropped  out  of  the  box  ABC,  as  is  generally  the  cafe. 

The  trough  HI  K may  be  made  about  18  inches  long, 
10  wide,  and  2 deep. 

This  mercurial  trough  may  be  fltuated  as  high  as  the 
water-tub,  or  according  as  it  may  he  more  convenient  to 
the  operator. 

Fig.  the  6th,  reprefents  the  various  forts  of  glafs  re- 
ceivers neceflary  to  retain  the  different  forts  of  elaftic 
fluids.  The  operator  fhould  have  many  of  thofe  receivers 
by  him,  as  they  are  the  inftruments  of  more,  general  ufe 
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in  this  branch  of  experimental  philofophy.  Their  fhapes 
may  be  reduced  to  two  forts,  viz.  rounded,  and  furniflied 
with  a knob  at  top,  like  A,  of  which  form  the  large  re- 
ceivers are  ufually  made ; and  the  cylindrical  ones,  like 
B,  C,  D,  E.  ’ Thofe  of  the  firfl:  fort  are  between  9 and  15 
inches  high,  and  with  an  opening  between  6 and  10  inches 
in  diameter.  Thofe  of  the  fecond  fort  are  of  a great  many 
iizes,  and  fome  of  them  are  fo  fmall  that  their  diameter 
is  about  a quarter  of  an  inch,  and  their  height  a few 
inches.  Thofe  between  one  and  two  inches  in  diameter, 
and  five  or  fix  inches  high,  are  the  moft  ufeful  for  expe- 
riments in  quickfilver.  The  operator  fhould  have  by  him 
four  or  fix  receivers  of  the  firfl  fort,  and  between  one  and 
two  dozen  of  the  fecond;  comprehending  various  fizes 
from  the  largeft  to  the  fmalleft.  Care  fhould  be  had  to 
chufe  very  ftrong  receivers,  and  thofe  of  the  fecond  fort  to 
be  as  perfedlly  cylindrical  as  can  be  poflibly  found,  be- 
caufe  it  is  often  required  to  meafure  the  quantity  of  elaflic 
fluid  they  contain,  which  cannot  be  done  very  accurately, 
when  the  cavities  of  thofe  receivers  are  of  an  irregular 
figure.  Belides  the  receiver,  bottles  with  ground  glafs 
floppies,  and  bladders,  are  not  only  ufeful,  but  in  various 
cafes  are  abfolutely  neceffary,  to  keep  fome  forts  of  elaflic 
fluid,  viz.  in  cafe  it  is  required  to  preferve  them  without 
the  contact  of  water,  mercury,  or  any  other  fluid  ; and 
alfo  when  elaflic  fluids  are  required  to  be  tranfported  from 
one  place  to  another.  In  the  choice  of  bottles  with  glafs 
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floppies,  care  fliould  be  taken  to  have  them  rather  with 
large  mouths,  in  order  that  they  maybe  eaflly  cleaned  when 
neceflary;  and  alfo  that  their  floppies  be  well  fitted;  for 
often  they  are  fo  badly  ground,  that  various  fubftances  can 
eafily  get  through  the  interftices  left  between  the  ftopper 
and  the  neck  of  the  bottle,  which  renders  them  ufelefs  for. 
nice  experiments. 

As  it  is  neceflary  to  remove  from  the  water-tub,  or 
from  that  with  quickfilver,  fome  receivers  filled  with  elaftic 
fluids,  many  {hallow  earthen  pans,  of  different  fizes,  like 
A and  B,  fig.  7,  plate  II.  (hould  be  had  ready  at  hand  ; for 
when  the  receiver,  that  is  to  be  moved,  ftands  upon  the 
Ihelf  of  the  tub,  one  of  thefe  pans,  that  is  fomewhat  larger 
than  the  aperture  of  the  receiver,  is  plunged  into  the  wa- 
ter of  the  tub,  and  the  receiver  is  drawn  in  it,  but  with- 
out lifting  it  above  the  furface  of  the  water,  and  then  it 
may  be  removed,  and  placed  together  with  the  pan  upon  a- 
table,  without  fear  that  any  of  the  contained  elaftic  fluid 
might  efcape,  or  any  air  might  enter ; becaufe  the  fmall 
quantity  of  water  which  fills  the  pan,  is  fuflicient  to  pre- 
vent it.  For  fmall  receivers,  when  they  are  to  be  removed 
from  the  trough  of  quickfilver,  fmall  cups,  like  C,  fig,  7, 
may  be  ufed. 

When  one  or  more  tall  and  {lender  tubes  are  to  be  kept 
inverted  in  a bafin  or  pan,  as  their  bafis  is  very  fmall,  they 
are  fubjedt  to  fail,  and  confequently  they  may  not  only 
lofe  the  contents,  but  may  alfo  break.  To  obviate  this 
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inconvenience,  it  is  very  ufeful  to  have  a wooden  fort  of 
fkreen  or  frame,  made  like  fig,  the  8th,  plate  II.  in  the  bot- 
tom of  which  the  bafin  with  quickfilver  or  water  may  be 
placed,  and  againfl:  whofe  fides  and  corners  the  tubes  or 
fmall  receivers  are  refied. 

The  inftruments  of  the  fecond  clafs  are  thofe  neceffary 
for  the  produdion  of  the  different  permanently  elaftic 
fluids.  They  chiefly  confift  of  glafs  bottles  with  bent 
tubes,  which  are  nicely  ground  into  their  necks.  See  thofe 
reprefented  in  fig.  the  9th.  plate  II.  A is  the  fimpleft  and 
mofl;  ufeful  fort ; its  capacity  being  of  about  four  ounces 
meafure,  and  the  bottom  being  round  and  moderately  thin, 
fo  as  to  admit  of  the  flame  of  a candle  being  applied  un- 
der it,  without  much  fear  of  cracking  it.  B is  of  the 
fame  fhape,  only  fomewhat  longer.  C has  two  necks, 
viz.  one  into  which  the  bent  tube  is  fitted,  and  another 
having  a glafs  flopple,  which  is  occafionally  removed,  and 
then  fomething  may  be  introduced  into  the  phial  whilfl: 
the  procefs  is  going  on.  E has  a ftraight  tube,  whofe  ex- 
tremities only  are  bent,  nearly  at  right  angles.  This  phial 
is  ufeful  when  the  receiver,  wherein  the  produced  elaftic 
fluid  is  to  be  introduced,  is  far  from  that  part  of  the  edge 
of  the  tub  where  the  phial  with  the  effervefcing  mixture, 
&c.  may  be  conveniently  fituated.  D is  a common  glafs 
bottle  with  a ground  glafs  ftopple,  through  which  many 
capillary  holes  are  perforated.  Sometimes  the  bent  glafs 
tube  may  be  applied  to  the  phial  by  means  of  a cork,  as 
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defcribed  in  the  firft  experiment  of  the  preceding  chapter  ; 
but  in  general  the  phials,  whofe  tube  is  ground  into  their 
necks,  are  by  far  the  more  preferable,  becaufe  the  cork  is 
fubjecSl  to  be  corroded  by  the  acids  employed,  and  behdes, 
the  tubes  can  feldom  be  fitted  in  them  fo  nicely  as  effec- 
tually to  exclude  the  pafiage  of  any  elaftic  fiuid. 

The  bottles  of  elaftic  gum,  or  cafutchouc^  are  exceed- 
ingly ufeful  for  experiments  of  this  fort.  They  anfwer 
both  the  purpofe  of  retaining  elaftic  fluids,  like  bladders 
or  receivers,  for  which  ufe  they  are  preferable  to  bladders ; 
and  of  holding  the  materials  which  muft  produce  the 
elaftic  fluids,  but  only  when  no  heat  is  required  for  the 
procefs.  Any  bent  tube  may  be  eafily  applied  to  them, 
and  there  is  no  fear  of  their  breaking,  like  glafs  bottles. 
When  concentrated  nitrous  acid  has  been  put  many  re- 
peated times  into  thofe  bottles  of  elaftic  gum,  they  lofe 
in  part  their  elafticity,  fo  that  the  infide  becomes  brittle, 
as  if  partly  corroded,  and  then  they  are  eafily  broke;  how- 
ever they  may  be  ufed  for  a long  time  before  they  come 
to  that  ftate  ; but  vitriolic  acid,  which  is  ufed  in  the  com- 
mon procefles  for  making  fixed  and  inflammable  air,  feems 
not  to  affedl  them.  When  thefe  bottles  are  required  to  be 
ufed  inftead  of  bladders,  they  fliould  be  as  large  as  may 
be  got,  and  fliould  be  rather  thin,  fo  as  to  be  eafily  com- 
preffcd,  in  order  to  expel  from  them  the  common  air  they 
contain,  previous  to  their  being  filled  with  any  particular 
fort  of  permanently  elaftic  fluid. 
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Thefe  are  the  phials  more  commonly  ufed,  when  the 
claftic  fluid  that  is  extricated  from  feveral  fubflances  is 
required  to  pafs  immediately  into  the  receiver  inverted  in 
water  or  quickfllver ; but  fometimes  it  is  neceflary  to  let 
thofe  elafliic  fluids  pafs  through  fome  other  particular  fluid 
or  mixture  previous  to  their  entering  into  the  inverted  re- 
ceiver. In  this  cafe  the  glafs  inflruments  K and  L mufl: 
be  ufed.  The  conflrudlion  of  K may  be  clearly  under- 
flood by  infpedting  the  figure  : it  conflfts  of  a phial 
with  a round  bottom,  into  which  the  materials  that  muft 
yield  the  elaflic  fluid  are  put.  To  the  neck  of  this  phial 
a tube  is  fitted,  whofe  other  leg  fits  a hole  made  at  the 
bottom  of  the  phial  and  its  extremity  e comes  as  far  as 
the  neck  of  the  phial,  but  not  quite  fo  near  as  to  touch 
it.'^The  phial  b has  a glafs  flopple  ground  into  its  neck, 
and  at  the  bottom  has  another  hole,  into  which  a bent 
tube,  like  thofe  of  the  phials  A,  B,  C,  is'  fitted.  Now 
when  the  elaflic  fluid,  that  is  yielded  by  the  materials  in 

muft  be  let  through  fome  fluid  or  mixture,  as  for 
inftance  through  lime-water,  previous  to  its  being  re- 
ceived  into  the  inverted  receiver  or  bladder  ; the  lime- 
water  is  put  into  the  phial  fo  as  to  fill  it  to  about  c d'y 
in  which  cafe  it  is  plain,  that  the  elaflic  fluid  coming 
out  of  the  orifice  ^of  the  tube,  muft  neceffarily  go  through 
the  lime-water  before  its  reaching  the  tube  fy  through 
which  it  is  conveyed  into  the  receiver.  The  inftrument 
h is  ufeful  when  the  elaftic  fluid  is  required  to  be  fent 
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through  various  fluids  or  mixtures,  as  forinftance,  through 
lime-water,  fpirit  of  wine,  oil,  &c.  ; which  fluids  are  put 
into  the  various  phials  d\  and  then  the  elaftic  fluid 
produced  by  the  materials  in  mufl:  pafs  through  them 
all  before  its  going  through  the  lafl:  tube  e into  the  re- 
ceiver. 

In  various  experiments,  the  materials  which  are  to  yield 
the  elaftic  fluid,  require  a ftronger  degree  of  heat  than 
that  of  the  flame  of  a candle.  In  this  cafe  feveral  things 
muft  be  minded,  viz.  that  by  the  application  of  ftrong 
heat,  as  a charcoal  fire,  the  phials  are  eafily  broke  ; that 
part  of  the  materials  ftick  faft  to  the  glafs,  fo  as  to  render 
the  phial  unfit  for  farther  ufe ; and  that  the  tube  becomes 
very  hot,  even  at  a good  diftance  from  the  phial,  and  as 
its  extremity  is  immerfed  in  cold  water,  it  is  in  great  dan- 
ger of  breaking  ; from  which  obfervations  it  follows,  that 
the  phials  for  thefe  experiments  fhould  be  as  cheap  as  can 
be  pofTibly  contrived,  and  fhould  have  a very  long  neck 
or  tube.  The  bottles  with  ground  tubes  for  thofe  expe- 
riments are  very  fubjedt  to  break,  and' are  very  expenfive. 
Mr.  Fontana  ufed  to  have  feveral  balls  blown  at  the  ex- 
tremities of  glafs  tubes,  as  F,  G,  which  were  of  various 
fizes,  between  one  and  four  inches  in  diameter ; and  alfo 
feveral  tubes  bent  in  the  manner  reprefented  by  I.  Into 
one  of  thofe  glafs  balls  he  ufed  to  put  the  materials  that 
were  to  yield  the  elaftic  fluid,  and  by  means  of  the  flame 
of  a lamp,  and  a blow-pipe,  he  ufed  to  faften  the  tube  I 
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upon  it,  viz.  a upon  which  all  together  formed  the  long- 
necked phial  H.  After  performing  the  experiment,  if  the 
phial  appeared  to  be  ufeful  for  other  experiments,  the  tube 
was  broke  with  a file,  about  the  place  where  it  had  been 
joined,  and  the  materials  being  poured  out,  the  phial  was 
kept  for  farther  ufe.  Sometimes  the  balls  of  thofe  phials 
were  coated  with  clay,  or  that  lute  which  chy mills  ufe  to 
put  round  their  glafs  retorts.  This  coat  is  necelTary,  in 
order  to  let  the  glafs  fuftain  a greater  degree  of  heat  than 
it  is  capable  of  without  it. 

Several  experiments  require  a very,  firong  red  or  white 
heat,  which  is  much  greater  than  that  which  the  above- 
mentioned  phials  can  bear,  even  when  guarded  with  a coat 
of  clay.  In  this  cafe  earthen  retorts,  or  earthen  phials,,  are 
the  only  vefiels  that  can  be  uled  ; but  thefe  cannot  be 
fafely  ufed  more  than  once,  becaufe  in  cooling  they  ge- 
nerally crack,  and  the  fiflures  are  fometimes  imperceptible. 
Small  phials,  made  of  tobacco-pipe  clay,  do  not  crack  very 
eafily  in  cooling,  and  confequently  are  more  ufeful  than 
thofe  made  with  the  clay  ufed  for  common  chymical  re- 
torts. 

Various  perfons  have  ufed  retorts  of  call  iron,  or  the 
barrel  of  a gun;  but  thefe  cannot  be  fafely  ufed  for  nice 
experiments,  becaufe  heated  iron  emits  fome  infiammable 
air  or  phlogifton,  which  renders  ambiguous  the  refult  of 
the  experiments.  When  an  earthen  retort  is  ufed,  the 
bent  glafs  tube  is  faftened  into  its  neck  with  common  clay 

’ or 
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or  lute  ; and  if  the  neck  of  the  retort  is  pretty  long,  may 
alfo  be  faftened  by  only  wrapping  and  tying  a piece  of 
bladder  round  the  joint.  When  the  materials  to  be  ufed 
are  in  fmall  quantity,  and  require  only  a ftrong  red  heat, 
then  Mr.  Bergman’s  method  may  be  fafely  ufed.  This 
excellent  chymift  ufes  to  put  the  materials  into  a fmall 
and  oblong  phial,  nearly  in  the  fhapeof  B,  fig.  9,  of  green 
glafs  which  phial  is  furnifhed  with  a bent  tube>  &c. 
This  phial  he  puts  into  a tall  crucible,  and  fills  the  inter- 
ftices  between  the  crucible  and  the  phial  with  powdered 
chalk,  which,  when  heated,  forms  a ftrong  incruftation, 
and  defends  the  glafs  exceedingly  well.  Thus  the  cruci- 
ble with  the  phial  in  it  is  furrounded  with  coals,  in  a por- 
table furnace,  and  may  fuftain  a firong  fire. — -Could  pla- 
tina  be  fiiaped  into  any  required  form,  a retort  or  a phial 
of  this  metal  would  be  a very  valuable  acquifition  to  an 
experimental  philofopher,  becaufe  it  could  fuftain  a pro- 
digious heat,  and  would  not  be  fubjedl  to  break,  like  glafs 
or  earthen  retorts,  or  to  yield  any  effluvia,  like  heated 
iron. 

The  ftand,  fig.  10,  is  ufeful  to  fuftain  a lamp  under  a 
phial,  like  A,  B,  C,  fig.  9,  in  order  to  let  its  contents  yield 
the  elaftic  fluid.  The  arm  A,  which  holds  the  lamp,  is 
made  like  a pair  of  tongs,  which  are  opened  more  or  lefs 
by  means  of  a ferew,  and  it  Hides  up  and  down  the  pil- 

* Green  glafs  fuftains  a greater  degree  of  heat  than  tranfparent  colourlefe 
glafs. 
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lar  B C,  fo  that  by  the  fcrew  D may  be  faftened  at  any 
required  diftance  between  C and  D from  the  floor 

The  Aland  rcprefented  in  fig.  ii,  has  two  arms,  and 
fometimes  they  are  made  with  more,  which  are  faftened  at 
any  required  diftance,  like  that  above  defcribed.  Upon 
the  extremities  of  thofe  arms;  a phial,  a lamp,  a fmall  pan 
with  charcoal,  or  any  thing  of  the  like  fort,  may  be  placed, 
according  as  occaflon  may  require. 

Fig",  the  13th,  reprefents  a fmall  glafs  funnel,  which 
fometimes  is  ufeful  to  tranfmit  any  elaftic  fluid  from  one 
veflel  into  another.  The  diameter  of  the  fmalleft  part  of 
this  funnel  fhould  be  not  lefs  than  a quarter  of.  an  inch, 
otherwife  the  air,  or  any  other  permanently  elaftic  fluid, 
will  pafs  flowly  and  with  difficulty  through  it.  As  a 
funnel  of  glafs  is  fpecihcally  heavier  than  water,  when  it 
is  ufed,  it  muft  be  kept  with  the  hand  or  otherwife  againft 
the  upper  veflel,  viz.  that  into  which  the  elaftic  fluid  muft 
be  introduced;  and  as. this  holding,  &c.  is  generally  in- 
commodious, I have  moftly  ufed  a lunneLof  wood^  whofe 
larger  part  is  about  three  inches  in  diameter,  which  be- 
ing  lighter  than  water,  will  by  itfelf  reft  againft  the  upper 
veflhl  in  water,  without  the  neceffity  of  holding  it.  For 
experiments  in  quickfllver  the  glafs  funnel  is  very  ufeful, 

but  for  that  purpofe  it  muft  be  made  very  ftrong. 

/ 

* Inftead  of  oil,  fp)irk  of  wine  fhould  be  put  into  the  lamp  here  mentioned, 
becaufe  when  oil  is  ufed,  the  bottoms  of  the  paiais  are  blackened  by  the  Imoke; 
which  is  not  the  cafe  wah  a fpirit-iamp. 
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Fig.  the  1 2th,  reprefents  the  fhape  of  the  phials,  in 
which  acids  pr  other  liquors  are  to  be  kept. — It  may  be 
thought  hardly  necelTary  to  give  a delineation  of  this  fort 
of  phials ; but  as  there  is  often  a great  convenience  in  little 
things,  it  may  be  of  ufe  to  mention  that  phials,  with  a beak 
like  that  delineated  in  the  figure,  and  a ground  ftopple, 
are  much  preferable  to  thofe  with  a round  neck,  becaufe 
in  pouring  out  the  liquor,  the  laft  drop,,  which  remains 
upon  the  edge  of  the  phial,  may  be  eafily  wiped  off  in  the 
former  conftru6:ion,  viz,  by  gently  rubbing  the  beak  upon 
the  edge  of  the  other  phial,  into  which  the  liquor  is  poured; 
whereas  in  the  laft- mentioned  conftrudion  it  can  hardly 
at  all  be  avoided  to  let  that  drop  run  down  the  outfide  of 
the  phial ; which  is  not  only  difpleafing,  but  alfo  dan- 
gerous, when  thofe  liquors  are  ftrong  acids,  or  alkalies. 

The  inflruments  of  the  third  clafs  are  thofe  neceffary  to 
fhew  the  various  properties  of  different  forts  of  elaflic 
fluids.  The  reader  may  eafily  imagine,  that  a very  great 
variety  of  inflruments  is  neceffary  for  this  purpofe,  be- 
caufe almofl  every  particular  property  requires  a different 
apparatus ; however  feveral  of  the  inflruments  deferibed 
above  may,  with  a little  variation,  be  applied  to  many  of 
thofe  purpofes ; as  for  inflance,  the  common  receivers  ferve 
to  fliew  whether  or  no  any  particular  fort  of  elaflic  fluid 
is  capable  of  aflifling  combuflion;  how  far  it  may  be  ab- 
forbed  by  water,  6cc.  : but  yet  fome  properties  cannot  be 
examined  or  ufed  without  particular  inflruments,  the  prin- 
cipal. 
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cipal  of  which  we  fhall  defcribe  in  this  chapter,  referving 
to  fpeak  occafionally  of  thofe  that  are  of  lefs  confequence 
in  other  places  of  this  work. 

Thofe  inftruments  are  the  following,  viz.  The  appara- 
tus for  impregnating  water  or* other  fluids  with  fixed  air; 
the  receiver  neceffary  to  tranfrnit  eledric  fparks  through 
any  particular  fort  of  elaftic  fluid;  the  receiver  to  fire  in- 
flammable air  by  means  of  an  ele<fl:ric  fpark,  and  to  retain 
it  after  the  explofion;  the  piftols  which  (hew  the  force  of 
inflammable  air  exploding  together  with  common  or  de- 
phlogifticated  air ; the  eudiometer,  or  inftrument  necef- 
fary  to  obferve  the  degree  of  purity  of  refpirable  air  by 
the  diminution  arifing  from  its  combination  with  nitrous 
air ; and  the  inftrument  neceflTary  to  examine  the  fpecific 
gravities  of  the  various  elaftic  fluids. 

O 

Fig.  the  13th,  reprefents  a fedlion  of  the  apparatus  ne- 
ceffary  to  impregnate  water  with  fixed  air,  1 his  elegant 
inftrument  was  firft  invented  by  Dr.  North,  and  a de- 
fcription  of  it  was  publifhed  in  the  Philof.  i'ranfadlions, 
vol.  LXV.  for  the  year  1775,  and  afterwards  received 
fome  improvements;  in  which  ftate  it  is  here  reprefented. 
It  confifts  of  three  glafs  veflels  S,  T,  V,  fitted  into  one 
another  by  grinding.  The  lower  veftel  V,  befides  the 
large  neck  into  which  the  bottom  of  the  fecond  veflcl  is 
ground,  has  another  fmall  aperture  to  which  a glafs 
ftopple  is  fitted.  The  fecond  veflcl  T has  three  apertures, 
viz.  the  upper  and  larger  one,  which  receives  the  under 

part 
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part  of  the  veflel  S;  the  lateral  aperture  to  which  a glafs 
ftopple  is  fitted  ; and  the  under  aperture,  by  which  this 
vefiel  communicates  with  the  vefiel  V ; but  this  aperture 
is  furnifhed  with  a valve,  whofe  parts  are  diftindlly  fhewn 
by  c,  d,  e,  upon  a larger  fcale.  The  piece  tr  is  a perfo- 
rated cylinder  ground  into  the  extremity  of  the  vefiel  T, 
The  piece  ^ is  a like  cylinder,  perforated  with  many  ca- 
pillary holes,  which  is  fitted  by  grinding  into  the  fame 
extremity,  but  above  the  piece  c\  a fmall  fpace  remaining 
between  thofe  two  cylinders,  in  which  a plano-convex  lens  d 
can  freely  move.  The  plane  furface  of  this  lens  is  down- 
wards, fo  as  to  cover  the  hole  of  the  piece  c.  In  this 
manner  it  may  be  eafily  conceived,  that  a fluid  can  pafs 
from  the  velTel  V into  T,  but  cannot  go  backwards  from 
T into  V.  The  third  vefiTel  S terminates  in  a long:  bent 
tube,  which  goes  into  the  vellel  T.  Its  other  aperture y' 
has  a glafs  ftopple,  which  is  very  acutely  conical,  fo  that 
a very  fmall  force  from  within  the  velTel  can  rife  it  up.  In 
the  lowermofi:  vefiTel  of  this  apparatus  the  chalk  and  di- 
luted oil  of  vitriol  is  put ; the  fecond  vefTel  is  filled  with 
water,  and  the  whole  apparatus  is_put  together  to  work 
in  the  manner  exhibited  by  fig.  15.  Now,  as  the  fixed 
air  is  produced  from  the  materials  in  V,  it  pafles  through 
the  valve  into  the  vefiel  T,  and  necefifarily  goes  to  the 
upper  part  of  it ; and  becaufe  this  vefiTel  is  filled  with  wa- 
ter, the  fixed  air  prefiing  upon  the  water  will  force  it 
into  the  empty  vefiTel  S.  In  this  manner  the  water  that 
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remains  in  the  veflel  T,  being  in  contact  with  the  fixed 
air,  which  pafles  continually  through  it,  becomes  gradually 
impregnated  with  that  elaftic  fluid,  and  it  may  be  drawn 
out  through  the  aperture  in  which  cafe  the  water  forced 
into  the  veflfel  S returns  backwards  into  the  veffel  T. 
This  impregnation  may  be  much  accelerated  by  fhaking 
the  apparatus  ; for  then  the  fixed  air  is  made  to  touch  a 
greater  furface  of  water.  The  impregnation  of  water 
with  fixed  air  in  this  apparatus  is  facilitated  alfo  by  the 
preflure  of  the  column  of  water  (for  preflure  facilitates  it 
confiderably)  raifed  in  the  veflel  S ; which  preffure  might 
be  ftill  more  increafed  by  adapting  a fafety-valve  (like 
thofe  ufed  for  fire-engines)  to  the  neck  f of  the  veffel  S, 
inftead  of  the  glafs  flopple  To  the  aperture  b of  the 
middle  veflfel,  fometimes  a glafs  ftop-cock  is  fitted  inftead 
of  the  ftopple.  The  aperture  aoi  the  loweft  veflel  is  ufe- 
ful  to  introduce  any  materials  into  the  veffel,  or  to  ftir  its 
contents  whilft  the  procefs  is  going  on.  Before  the  in- 
vention of  this  apparatus,  the  fixed  air  was  made  to  pafs 
through  a bladder  into  a phial  partly  filled  with  water  \ 
but  repeated  experiments  have  fhewn,  that  the  bladder  al- 
ways imparts  a difagreeable  tafte  to  the  water,  which  is  not 
at  all  the  cafe  with  the  above-defcribed  glafs  apparatus. 

The  glafs-receiver  AB,  reprefented  in  fig.  i6,  is  ufeful 

* In  order  to  increafe  this  prefllire  gradually,  and  to  any  required. degree, 
Mr.  Warltire  propofed  to  adapt  a mercurial  gage  upon  the  veflel  S,  viz.  a 
tube  filled  with  quickfilver;  but  this  gage  is  not  eafily  manageable. 
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when  ele(Elric  fparks  muft  be  tranfmitted  through  any  fort 
of  elaftic  fluid.  The  diameter  of  this  receiver  is  about 
three  inches,  and  its  height  is  a little  more  than  one  foot. 
At  about  three  inches  from  the  top  of  it  two  oppoflte 
holes  CC  are  drilled,  into  which  two  knobbed  wires  are 
fitted  by  grinding,  fo  that  their  extremities  within  the  re- 
ceiver may  come  within  two  inches  of  each  other.  Thefe  ' 
wires  fhould  be  made  fo  as  to  be  eaflly  taken  off  and  re- 
placed ; and  feveral  fets  of  them  fhould  be  had,  viz.  two 
of  iron,  two  of  brafs,  two  of  pure  fllver,  &c.  in  order  to 
try  the  difference  ariflng  from  tranfmitting  the  electric 
fparks  through  wires  of  different  metals.  That  the 
holes  C C might  be  fufflciently  long  to  hold  the  wires 
fleady,  the  fubftance  of  this  receiver  fhould  be  very  thick^ 
for  inftance,  of  a quarter  of  an  inch.  Some  perfons  have 
ufed  to  cement  the  wires  into  the  holes  ; but  the  cement, 
in  fome  nice  experiments,  may  render  ambiguous  their 
refult.  When  this  veffel  is  wholly  or  partly  filled  with 
any  elaftic  fluid  and  is  put  into  a bafin  containing  water 
or  quickfilver,  the  prime  conductor  of  an  electrical  ma- 
chine muft  be  brought  within  two  or  three  inches  of  one 
of  the  knobs  E or  D,  and  by  means  of  a wire,  a chain,  or 
by  putting  the  hand  on  it,  the  other  knob  muft  be  con- 
nected with  the  floor  of  the  room,  viz.  by  means  of  good 

* The  quantity  of  elaftic  fluid  flaould  at  leaft  fill  as  much  of  the  receiver  as 
that  the  wires  may  be  about  the  middle  of  it,  viz.  equally  as  far  from  the  top  of 
the  receiver  as  from  the  furface  of  the  water  or  mercury  in  it. 
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condudors  of  eledricity.  In  this  fituation,  if  the  eledri- 
cal  machine  is  put  in  adion,  the  fparks  will  leap  from  the 
prime  condudor  to  one  of  the  knobs  of  the  inftrument 
A Bj  and  at  the  fame  time  will  pafs  through  the  elaftic 
fluid  contained  in  the  receiver.  Although  the  inflde  fur- 
face  of  this  receiver  is  conflderably  damp,  yet  the  eledric 
fparks,  when  the  machine  is  powerful,  will  pafs  from  wire 
to  wire  through  the  elaflic  fluid,  rather  than  through  the 
moifture  adhering  to  the  inflde  furface  of  the  glafs.  As 
the  quantity  of  elaftic  fluid  to  be  examined  with  this  in- 
ftrument  is  fometimes  very  fmall,  it  would  be  not  amifs 
to  have  two  of  thofe  receivers,  viz.  one  like  the  above-de- 
fcribed,  and  another  of  half  its  dimenflons. 

Fig.  17th,  reprefents  the  inftrument  neceflary  for  the 
combuftion  of  inflammable  air,  when  the  elaftic  fluid  is 
required  to  be  retained  after  the  exploflon.  It  conflfts  of 
a glafs-veflel  ABC,  nearly  in  the  fhape  of  a bell.  Its  ca- 
vity near  the  top  being  not  above  one  inch  in  diameter; 
a little  above  the  middle,  as  at  GG,  being  about  two 
inches  in  diameter ; and  laftly,  the  aperture  BC,  being 
about  flx  inches.  The  fubftance  of  the  glafs  in  this  receiver 
muft  be  very  thick,  efpecially  towards  the  top,  where  two 
oppoflte  holes  D D muft  be  drilled,  and  two  knobbed 
wires  ED,  FD,  muft  be  nicely  fitted  into  them  by  grind- 
ing. The  extremities  of  thefe  wires  v/ithin  the  receiver 
jfhould  come  within  a quarter  of  an  inch  of  each  other. 
When  this  inftrument  is  to  be  ufed,  it  is  flrft  filled  with 

water, 
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water,  and  inverted  into  the  tub,  then  a fmall  quantity 
of  inflammable  air,  mixed  with  common  or  dephlogifti- 
cated  air,  is  thrown  in  it,  which  will  go  to  the  top  A of 
the  inftrument ; fo  that  the  extremities  of  the  wires  will 
be  in  this  mixture  of  elaftic  fluids.  Nov/  if  by  means  of 
a wire  the  outflde  of  a charp-ed  eledtric  iar  be  connected 

o J 

with  one  of  the  knobbed  wires,  viz.  E or  F,  and  the  knob- 
or  inflde  of  the  jar  be  brought  nearly  into  contact!  with 
the  other  knob  F or  E,  the  difeharge  of  the  jar  will  hap- 
pen, and  the  fpark,  which  paflTes  between  the  extremities 
of  the  two  wires  within  the  receiver,  will  fet  Are  to  the 
inflammable  air,  which  will  confequently  explode,  giving 
a great  concuflion  to  the  water  in  the  tub;  and  if  its  quan- 
tity is  too  great,  or  the  glafs  receiver  is  not  fufliciently 
flrong,  it  will  break  the  inftrument  with  great  violence. 
When  the  inflammable  air  is  fired,  the  inftrument  muft 
be  held  with  the  hand  applied  about  GG,  and  muft  be 
removed  from  the  fhelf  of  the  tub ; otherwife  it  will  be 
broke  very  eaflly. 

Fig.  1 8th,  reprefents  a fmall  piftol,  neceiTary  to  fliew  the 
force  of  exploding  inflammable  air.  Since  thefe  inftru- 
ments  were  introduced,  their  form  has  been  very  much 
diverflfled  ; fome  having  been  made  of  brafs,  and  fo  large 
as  to  drive  a leaden  bullet  ; others  have  been  made  of  tin, 
&c.  ; but  that  fhewn  by  this  figure  is  of  glafs,  and  fo  Am- 
ple, that  it  may  be  eaflly  conftruefted,  even  by  perfons  of 
no  great  genius;  and  gives  afufficient  idea  of  the  power  of 

exploding 
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exploding  inflammable  air,  by  driving  a cork  to  a confl- 
derable  diftance. 

ABD  is  a ftrong  glafs  tube  five  inches  long,  and  about 
half  an  inch  in  diameter.  Into  the  infide  of  this  tube, 
and  towards  one  extremity  of  it,  a fmall  flip  of  tinfoil  CB 
is  pafted,  fo  as  to  be  about  two  inches  within  the  tube, 
and  be  turned  on  the  outfide  of  it  at  B.  Into  this  fame 
extremity  BD  the  fmall  wire  GH,  knobbed  at  its  extre- 
mity H,  mufl;  be  cemented  very  faft.  The  beft  method 
is  to  cement  the  wire  into  a fmall  glafs  tube  F,  and  then 
to  wrap  fome  cotton  or  thread  round  this  fmall  tube,  and 
to  cement  it  into  the  extremity  BD  of  the  piftol  *,  The 
end  G'of  the  wire  fhould  be  bent  towards  the  flip  of  tin- 
foil  C,  fo  as  to  come  within  about  one  tenth  of  an  inch 
of  it.  Now  when  this  piftol  is  required  to  be  charged, 
the  inflammable  air  fhould  be  kept  in  a corked  bottle,  to 
the  mouth  of  which  the  aperture  A of  the  piftol  muft  be 
applied  very  elofely,  in  the  fame  moment  that  the  cork  is 
removed,  keeping  the  piftol  inverted  over  it.  In  this  cafe 
it  is  plain,  that  the  common  air,  which  is  in  the  piftol, 
will  mix  with  the  inflammable  air,  becaufe  the  former 
being  fpecifically  heavier  than  the  latter,  will  defcend  into 


* The  cement  to  be  ufed  for  this  purpofe  fhould  be  made  by  mixing  In  an 
earthen  pan,  over  a gentle  fire,  equal  parts  of  bees- wax  and  rofin,  to  which  may 
be  added  a fmall  quantity  of  vermilion,  merely  to  give  it  an  agreeable  red 
colour.  Sealing-wax  may  be  alfo  ufed  for  this  purpofe,  but  it  fiiould  be  of  the 
fofceft  kind,  otherwife  it  will  eafily  crack  the  tube. 

the 
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the  bottle,  &c.  When  the  piftol  has  been  thus  kept  over 
the  bottle  for  about  ten  or  fifteen  feconds,  it  muft  be  re- 
moved, and  both  the  piftol  and  the  bottle  muft  be  inftantly 
corked  If  now  this  charged  piftol  be  held  by  applying 
the  thumb  and  fingers  to  the  lower  part  of  it,  fo  as  to 
touch  the  tinfoil  B,  and  an  eledtric  fpark  be  given  to  the 
knob  H,  by  approaching  it  to  the  prime  condudlor  of  an 
eledlrical  machine,  or  to  the  knob  of  a fmall  charged  elcc-' 
trie  phial  ; the  inflammable  air  in  the  piftol  will  be  fired 
by  the  fpark,  which  will  neceflarily  pafs  between  G and 
the  tinfoil  C,  and  will  drive  the  cork  I to  a confiderable 
diftance.  The  above-mentioned  bottle  filled  with  in- 
flammable air  is  fuflicient  to  charge  the  piftol  feveral  times 
fucceftively,  without  being  again  filled  with  inflammable 
air,  efpecially  if  it  is  pretty  large ; only  it  fhould  be 
minded,,  that  when  the  piftol  has  been  filled  out  of  the 
fame  bottle  feveral  times,  the  inflammable  air  in  that  bot- 
tle becomes  mixed  with  a good  deal  of  common  air,  for 
which  reafon  the  piftol  fhould  then  be  kept  fome  time 
longer  upon  the  bottle,  in  order  to  charge  it.  Sometimes 
the  piftol  will  not  explode,  which  is  owing  to  its  having 
been  kept  too  long  a time  over  the  bottle,  fo  as  to  become 

* One  perfon  alone,  after  fome  experience,  may  eafily  perform  this  opera- 
tion by  himfclt ; but  in  general  it  is  much  more  convenient  to  have  an  airifl- 
ant,  who  may  cork  the  bottle  at  the  fame  time  that  the  operator  corks  the 
piftol. 
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filled  entirely  with  inflammable  air  -f* ; the  common  air 
contained  in  it  being  defcended  into  the  bottle  in  confe- 
quence  of  its  greater  fpecific  gravity. 

Fig.  rqth,  reprefents  a brafs  piftol  for  inflammable  air, 
which  is  more  commonly  fold  at  the  philofophical  inftru- 
ment  fhops.  It  is  here  reprefented  as  tranfparent,  in  or- 
der to  lliew  its  internal  conftrudlion.  It  confifts  of  a brafs 
chamber  ABC,  to  the  mouth  of  which  A a cork  is  fitted. 
To  the  bottom  of  it  a perforated  brafs  piece  is  fcrewed, 
into  which  a glafs  tube  DE  is  cemented,  and  into  this  tube 
is  cemented  a wire  GF,  furniflied  with  a knob  F at  one 
end,  and  bent  at  the  other  extremity,  fo  as  to  come  within 
about  one  or  two  tenths  of  an  inch  of  the  brafs  piece. 
Fig.  the  20th,  fhews  this  brafs  piece  feparate,  and  alfo  the 
brafs  cap  I,  which,  when  the  piflol  is  not  ufed,  is  fcrewed 
at  H,  in  the  manner  fhewn  by  the  dotted  line,  and  ferves 
to  defend  the  tube  E.  This  piflol  is  charged  and  dif- 
charged  in  the  fame  manner  as  the  glafs  one  deferibed 
above,  but,  being  much  larger,  it  requires  a greater  quan- 
tity of  inflammable  air,  and  confequently  makes  a greater 
explofion. 

It  is  eafily  comprehended,  that  in  the  piflols  deferibed 
above,  there  cannot  be  introduced  a mixture  of  inflam- 
mable and  common  air  in  any  required  proportion,  much 
lefs  can  there  be  introduced  a mixture  of  inflammable  and 

i*  The  reader  may  remember  our  having  remarked  above,  that  when  inflam- 
mable air  is  not  mixed  with  refpirable  air,  it  will  not  explode. 

10  dephlogiflicated 
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dephlogifticated  air.  In  order  to  avoid  this  great  incon- 
venience, Dr.  Ingenhousz  contrived  a piftol,  into  which 
any  required  mixture  of  elaftic  fluids  may  be  introduced*. 
This  pifliol,  and  its  feparate  parts,  are  exhibited  in  flg. 
the  2ifl:,  plate  11.  A <2  is  the  barrel  of  the  piflol.  B is 
the  box  or  chamber  for  the  elaftic  fluids,  b the  place 
where  the  barrel  is  fefewed  to  the  box.  C the  handle  of 
the  piftol.  D is  the  wire  or  handle  of  the  pifton  LK,  the 
lower  part  of  which,  hh^  is  made  fquare,  in  order  to  pre- 
vent its  turning  round.  E is  a hole  on  the  flde  of  the 
box,  which  is  occaflonally  fhut,  by  ferewing  the  fmall 
nut  e in  it.  F is  a piece  of  brafs  with  a female  ferew, 
which  is  fixed  to  the  wooden  handle  by  means  of  three 
ftrong  ferews,  and  to  which  the  lower  part/”  of  the  box  is 
ferewed.  G is  a piece  of  ivory  fixed  to  the  pifton.  K is 
the  pifton  with  a conical  ivory  termination  L,  which  fits 
the  conical  end  of  the  box.  M is  the  perforation  in  the 
wooden  handle,  through  which  the  brafs  wire  D paflTes. 
N is  a fmall  brafs  ball  at  the  extremity  of  a wire,  which 
paffes  through  the  canal  R in  the  ivory  cone.'  O is  ano- 
ther piece  of  wire  which  paflTes  through  another  hole,  and 
touches  the  brafs  under  the  ivory  piece.  The  wires  are 
both  fixed  into  the  holes  by  means  of  the  cement  men- 
tioned above.  P is  the  fmall  interval  between  the  extre- 
mities of  the  two  wires,  through  which  the  eledlric  Ijpark 

f Philof.  Tranf.  vol.  LXIX.  page  410. 
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pafTes,  when  given  by  means  of  a charged  eledtrical  bottle 
to  the  ball  N. 

When  the  parts  of  this  piftol  are  put  together,  as  fhewn 
by  A BCD,  the  pifton  is  pulled  back,  fo  as  its  part  K may 
be  at  F,  and  the  box  is  filled  with  inflammable  and  re- 
fpirable  air ; the  electric  fpark  given  to  the  fmall  brafs  ball, 
as  mentioned  above,  will  inflame  the  gas,  and  its  force 
will  pufli  a bullet,  which  is  previoufly  fixed  into  the  bar- 
rel juft  where  this  is  fcrewed  to  the  box.  But  in  order 
to  charge  the  piftol  with  a mixture  of  inflammable  and 
common  air,  or  inflammable  and  dephlogifkicated  air,  in 
any  required  proportion,  the  pifton  muft  be  pufhed  to- 
wards the  conical  part  of  the  piftol,  then  unfcrewing  the 
barrel,  the  aperture  of  the  piftol  is  applied  to  the  neck  of 
the  bladder  containing  the  mixture  of  inflammable  and 
common  or  dephlogiftic^ted  air,  and  drawing  back  the 
pifton,  that  mixture  of  elaftic  fluids  is  introduced  into  the 
chamber  or  box  of  the  piftol. — This  done,  the  bladder  is 
detached  from  the  extremity  of  the  piftol,  and  at  the  fame 
time  a fmall  leaden  bullet,  wrapped  up  in  foft  leather,  is 
applied  to  the  faid  aperture,  and  the  barrel  is  fcrewed 
over  it  * ; thus  the  piftol  is  charged,  and  is  now  ready  to 

* This,  operation  of  detaching  the  bladder,  applying  the  bullet,  and  ferewing 
the  barrel,  muft  be  done  with  quicknefs  and  dexterity,  in  order  that  fome  of 
the  introduced  elaftic  fluid  may  not  efcape  oat  of  the  piftol,  and  fome  common 
air  enter  in  its  ftead. 


be 
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be  fired. — The  real  fize  of  the  piftol  is  about  three  times 
larger  than  the  figure. 

One  of  the  moft  ufeful  difeoveries  made  in  this  branch 
of  natural  philofophy  is  the  method  of  afeertaining  the 
purity  of  refpirable  air  by  the  tafte  of  nitrous  air,  which 
was  made  by  Dr.  Priestley.  By  this  difeovery  not  only 
the  purity  of  the  elaftic  fluid  produced  in  various  experi- 
ments, but  the  falubrity  of  the  air  in  various  parts  of  the 
earth,  is  afeertained,  which  is  of  great  confequence  for  the 
welfare  of  mankind  ; hence  philofophers  have  fpared  no 
pains  in  endeavouring  to  contrive  accurate  and  expeditious 
inftruments  for  this  purpofe,  and  indeed  feveral  of  them 
have  been  produced,  which  plainly  fliew  the  ingenuity  and 
knowledge  of  the  refpedtive  inventors ; but  at  lafl:  thofe 
inftruments  feem  to  have  undergone  the  fame  fate  as  ba- 
rometersy  viz.  after  various  complicated  conftrueftions,  the 
fimpleft  of  them  has  been  found  to  anfwer  the  beft. 
However  I (hall  here  give  the  defeription  of  the  principal 
of  them,  becaufe  fome  have  peculiar  advantages,  which 
may  be  ufeful  for  fome  particular  purpofes ; and  alfo  be- 
caufe I will  not  take  upon  me  to  determine  which  of  them 
is  more  or  lefs  ufeful,  without  fliewing  at  the  fame  time 
to  my  reader,  the  reafons  for  which  fome  of  them  may  be 
preferred  to  others.  The  eudiometer  ufed  by  the  original 
inventor.  Dr.  Priestley,  is  a divided  glafs  tube,  into 
which,  after  filling  it  with,  and  inverting  it  in  water,  one 
or  more  meafures  of  common,  and  one  or  more  meafures 
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of  nitrous  air  are  introduced  by  means  of  a fmall  phial, 
which  is  called  the  meafure.  The  fpace,  and  parts  of  that 
fpace,  which  one  or  more  meafures  of  air  occupy  in  the  tube 
being  marked  on  the  outlide  of  the  faid  tube,  the  diminu^ 
tion  of  the  quantity  of  the  two  elaftic  fluids  is  feen  at 
once.  In  fhort,  this  eudiometer  is  the  fame  as  that  which 
we  defcribed  in  the  preceding  chapter. 

As  fbon  as  this  difcovery  of  Dr.  Priestley  was  an- 
nounced abroad,  two  Italian  philofophers,  Mr.  Landriani 
and  Mr.  Fontana,  contrived  particular  eudiometers,  de- 
fcriptions  of  which  they  foon  publiflied  to  the  literary 
world.  Mr.  Landriani  employed  his  eudiometer  to 
obferve  the  various  degrees  of  the  air’s  falubrity  in  dif- 
ferent parts  of  Italy,  and  after  his  journey  he  fent  the  in- 
ftrument  as  a prefent  to  Dr.  Priestley.  Mr.  Landriani 
defcribed  one  nearly  of  the  fame  form  in  the  flxth  volume 
of  Rosier’s  Journal  for  the  year  1775.  This  inftrument 
confifts  of  a glafs  tube  fitted  by  grinding  to  a cylindrical 
veflel,  to  which  two  glafs  cocks  are  adjoined,  and  a fmall 
bafin  ; all  which  is  adapted  to  a common  wooden  frame. 
In  this  inftrument  quickfilver  is  ufed  inftead  of  water. 
The  principal  inconveniences  relating  to  the  conftru<ftion 
and  ufe  of  fuch  an  eudiometer,  are  owing  to  its  having 
glafs  cocks,  which  are  difficult  to  be  conftruded,  and  are 
cafily  put  out  of  order  ; and  alfo  to  its  being  ufed  with 
quickfilver,  becaufe  nitrous  air  a<fts  upon  quickfilver,  and 
therefore  may  render  the  experiment  ambiguous. 

c Mr. 
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Mr.  Magellan,  in  the  year  1777,  publifhed  the  defcrip- 
tion  of  three  eudiometers  invented  by  himfelf,  which  are 
reprefented  by  the  figures  22,  23,  and  24,  plate  II.  The 
firft  of  thofe,  fig.  the  2 2d,  confifl:  of  a glafs  tube,  M D, 
about  twelve  or  fifteen  inches  long,  and  of  an  equal  diame- 
ter throughout,  with  a ground  glafs  ftopple  M;  to  the  lower 
extremity  of  which  tube  is  fitted  a veflel  C,  by  grinding ; 
the  form  of  which,  as  alfo  the  form  of  the  lower  extremity 
of  the  tube,  are  clearly  fhewn  by  the  figure.  The  veflel 
C,  befides  the  neck,  which  fits  the  lower  extremity  of  the 
tube,  has  two  other  necks,  into  which  two  equal  phials, 
A and  B,  are  adapted  alfo  by  grinding.  The  capacity  of 
both  thofe  phials  is  nearly  equal  to  that  of  the  tube  M D. 
Z reprefents  a brafs  ring,  which  Aides  up  and  down  the 
tube  M D,  and  by  a finger-fcrew  may  be  made  tight  at 
any  place  upon  it.  G reprefents  a brafs  or  wooden  ruler, 
which  is  divided  into  equal  parts,  and  has  two  femicir- 
cular  brafs  pieces,  by  which  it  may  be  eafily  applied  and 
kept  near  the  glafs  tube  M D,  as  it  appears  at  F,  where  it 
muft  be  kept  clofe  to  the  neck  or  upper  extremity  of  the 
tube  by  the  notch  I.  The  ufe  of  this  inArument  is  the 
Following:  FirA,  the  Aopple  M is  removed,  then  the  in- 
Arument being  dipped  into  the  water  of  the  tub,  is  entirely 
filled  with  water,  and  the  Aopple  is  replaced,  fo  that  no 
bubble  of  air  remains  within  the  tube  or  the  veflTel  C,  and 
the  two  phials  A,  B.- — This  done,  the  lower  part  of  the 
inArument,  viz.  about  as  far  as  the  middle  of  the  tube, 
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muft  be  kept  under  water,  and  one  of  the  phials,  A or  B, 
which  now  is  filled  with  water,  is  removed  from  the  neck 
of  the  veffel  C,  and  is  filled  with  that  air,  whofe  purity 
muft  be  tried,  after  the  manner  fhewn  in  the  preceding 
pages ; then  is  replaced  into  the  neck  of  the  veftel  C.  In 
the  fame  manner  the  other  phial,  A or  B,  is  filled  with 
nitrous  air,  and  is  replaced  into  the  other  neck  of  the  vef- 
fel C.  Now  the  inftrument  being  out  of  the  water,  and 
keeping  it  in  the  fame  fituation  as  it  was  in  the  water,  viz. 
with  the  tube  erecft,  the  veftel  C muft  be  turned  with  the' 
bottom  b upwards,  as  it  is  reprefented  at  F ; in  which 
cafe  the  two  elaftic  fluids  contained  in  the  phials  A and  B, 
will  afcend  into  the  veftfel  C,  where  mixing  together,  the 
diminution  will  be  efleded.  But  as  foon  as  the  veffel  C 
is  turned  round,  the  inftrument  muft  be  plunged  in  water 
:as  far  as  about  the  middle  of  the  tube,  and  the  ftopple  M 
muft  be  removed.  According  as  the  bulk  of  the  two 
claftic  fluids  diminifhes,  the  water  in  the  tube  M D de- 
fcends.  “ I then,”  fays  the  author,  “ obferve  with  at- 
tendon  the  moment  when  the  mixture  of  the  two  kinds 
“ of  air  comes  to  its  greateft  diminution,  after  which  its 
‘‘  bulk  will  begin  to  increafe  again.  In  order  to  catch 
this  moment  with  certainty,  I Aide  down  the  brafs  ring 
“ Z of  the  inftrument,  as  the  furface  of  the  water  in  the 
“ tube  falls.  This  point  of  the  greateft  diminution  will 
be  eafily  perceived,  by  obferving  when  that  infide  fur- 
9 “ face 
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face  is  flationary  ; which  will  happen  in  a few  minutes, 
if  the  nitrous  air  has  a proper  flrength 
“ As  foon  as  the  diminution  of  the  two  kinds  of  air 
“ appears  to  be  ftationary,  I fill  up  the  whole  tube  of  the 
“ eudiometer  with  water  : I fhut  it  up  with  the  ftopple  M, 
“ and  incline  the  top  of  the  inflrument  forwards,  till  the 
“ air  comes  from  the  veflel  C up  to  the  top  N of  the  tube. 
“ I then  keep  the  lower  part  of  the  inflrument  dipped  in 
“ water ; take  off  the  glafs  veffel  C,  with  the  two  phials 
“ A,  B,  and  raife  or  lower  the  tube  of  the  eudiometer,  fo  as 
“ to  fee  the  furface  of  the  water  in  the  iniide  even  with 
“ that  on  the  outfide,  which  I mark,  by  Aiding  to  it  the 
“ brafs  ring  Z.  Otherwife  I apply  the  ruler  G (without 
“ making  any  ufe  now  of  the  brafs.  ring)  to  the  Ade  of 
the  eudiometer,  whilA  it  is  immerfed  in  the  water  of 
“ the  trough  ; and  there  1 fee  the  true  dimen  Aon  of  the 
‘‘  remaining  bulk  of  the  two  kinds  of  air  already  dimi- 
nifhed.  Perhaps  the  beft  method  for  this  obfervation 
“ would  be,  to  allow  time  enough,  that  the  mixed  air 
“ may  take  its  fettled  bulk ; but  this  requires  fometimes 
“ twenty-four  hours  time. 

“The  number  marked  about  the  middle  of  this  ruler  G, 

* Here  Mr.  Magellan  adds  a note,  in  which  he  fays,  that  the  increafc  of 
the  mixture  of  the  two  elaftic  fluids,  after  its  being  decreafed  to  a certain  de- 
gree, is  a phenomenon  which  he  thinks  he  has  obferved  the  firft  in  thofe  ex- 
periments. This  phenomenon  will  appear  in  the  following  pages  to  have  been 
a miftake. 

“ as 
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as  for  inftance,  * * = 96,  means  that  the  contents  of 
“ both  phials,  A and  B,  are  equal  to  ninety-fix  divilions 
“ of  the  ruler,  when  put  into  the  tube  of  that  eudiometer; 
“ that  is  to  fay,  they  are  equal  to  a folid  cylinder,  as 
thick  as  the  infide  of  the  glafs  tube,  and  whofe  length 
“ is  ninety-fix  divdfions  of  the  ruler,  which  has  been  di- 
“ vided  into  tenths  of  an  Englifh  inch.  Now  if,  for  in- 
‘‘  fiance,  this  remaining  bulk  of  mixed  air  correfponds  to 
“ the  56th  divifion  of  the  ruler,  it  fhews  that,  out  of 
“ g6  parts,  only  40  {=96 — 56)  have  been  lofi  or  con- 
traded  ; and,  in  this  cafe,  the  wholefomenefs  of  that  air, 
“ which  I call  A,  will  be  If  another  equal  quantity 
“ of  different  air,  which  I fhall  call  B,  had  alfo  been  tried 
by  the  fame  eudiometer,  and  its  reffduum  was  equal  to 
- “ 60  parts  of  the  fame  ruler,  the  refpedive  falubrity  of 
the  air  B will  then  be  to  that  of  the  air  A,  as  36 
‘‘  (=  96 — 60)  to  40 

To  perfons  who  have  a knowledge  of  the  principles  of 
hydrofiatics,  it  will  appear,  that  the  above-defcribed  in- 
ftrument  is  fubjed  to  fome  errors,  which  may  arife  from 
a greater  or  lefs  prefTure  of  the  column  of  water  upon 
the  elafiic  fluid  in  the  veflel  C,  which  may  eafily  vary, 
according  as  the  infirument  is  kept  more  or  lefs  perpen- 
dicular : it  may  vary  alfo  by  the  very  ad  of  putting  the 
ftopple  M ; but  the  greatefi  fault  attending  the  ufe  of 

* Mr.  Magellan's  defcription  of  a glafs  apparatus,  &c.  together  with  the 
dcfcription  of  fome  new  eudiometers. 

this 
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this  eudiometer  is,  its  not  admitting  more  than  one  inea- 
fure  of  nitrous  air  to  be  mixed  with  common  air;  which, 
as  it  will  appear  in  the  fequel,  is  a very  uncertain  method 
of  eftimating  the  degree  of  purity  of  a given  fort  of  re- 
fpirable  air.  The  divilions  alfo  upon  the  fcale  of  this 
eudiometer  are  not  fmall  enough  to  fhew  very  fmall 
differences,  nor  does  the  whole  conftrudtion  of  the  inftru- 
ment  feem  capable  of  accuracy. 

The  fecond  eudiometer  of  Mr.  Magellan  I fhall  de- 
fcribe  exactly  in  the  author’s  own  words.  See  fig.  23, 
plate  II.  “ It  confifts  of  a glafs  tube  T C,  two  or  three  feet 
“ long,  and  of  a uniform  diameter : the  end  C is  bent 
“ forwards,  and  the  other  end  T is  wide  open,  as  a funnel, 
“ unlefs  a feparate  one  is  made  ufe  of:  this  tube  is 
“ faftened  by  two  loops,  to  the  brafs  fcale  C W T V. 
“ There  is  a glafs  phial  N,  the  neck  V of  which  is  ground 
“ air-tight  to  the  end  T of  the  tube,  and  contains  only 
half  of  the  whole  infide  capacity  of  the  divided  tube 
“ C T.  It  has,  at  the  other  end  C,  a large  round  phial 
“ABC,  containing  three  or  four  times  the  bulk  of  the 
“ phial  N : its  neck  is  alfo  ground  air-tight  to  the  mouth 
C of  the  tube.”  The  brafs  fcale  C W T V,  is  divided 
into  128  parts  ; which  divifions  are  fet  from  T towards 
C.  The  cavity  of  the  tube,  between  the  firfl  and  laft  of 
thofe  128  divifions,  is  equal  to  twice  the  capacity  of  the 
phial  N.  “ Befides  this,  there  is  a tin  vefTel  X R,  which 
“ may  ferve  as  a packing-cafe  for  the  whole  inftrument, 
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“ and  its  neceffary  appendages ; and  alfo  as  a trough,  when 
“ experiments  are  made ; it  being  then  filled  with  water. 

“ Both  the  glafs  tube  g and  the  glafs  ftopple  M,  belong 
“ to  this  eudiometer ; and  both  are  fitted  in,  air-tight,  to 
“ its  mouth  V.” 

In  order  to  ufe  this  eudiometer,  “ Let  the  inftrument,”' 
fays  the  author,  “ be  immerfed  under  the  water  of  the 
“ tin  velTel,  and  let  the  phial  N,  filled  with  water,  be 
‘‘  put  in  the  infide  focket  C E D,  of  the  tin  veflel.  Let 
“ it  be  filled  with  nitrous  air,  and  let  this  quantity  of 
“ air  be  thrown  into  the  phial  ABC,  which  I fix  a little- 
tight  to  the  mouth  C of  the  eudiometer.  I afterwards 
“ fill  the  fame  phial  N with  the  air  I want  to  try ; and 
“ raifing  the  end  C of  the  inftrument,  I put  it  into  its 
“ mouth  V : when  this  is  done,  I fet  the  inftrument  up- 
“ right,,  as  reprefented  in  the  figure,  hanging  it  on  the 
“ hook  W;  and  as  foon  as  this  laft  air  goes  up  to  the  phial 
A B C,  I take  off  the  phial  N,  that  the  diminution  of 
“ the  two  mixed  airs  may  be  fupplied  from  the  water  in  the 
“ tin  veffel;  which  muft  be  the  cafe,  as  the  mouth  V of 
“ the  eudiometer  is  then  under  the  furface  of  the  water. 

“ I then  put  to  the  lower  end  V of  the  eudiometer,  the 
“ bent  tube^^,  to  which  is  fitted  the  brafs  ring  K,  and 
“ is  filled  with  w^ater.  It  is  by  obferving  the  furface  of 
“ the  water  in  this  fmall  tube  (which  then  forms  a true 
“ fyphon  with  the  tube  of  the  inftrument)  and  by  means 
“ of  the  brafs  ring  K,  that  I can  diftinguilh  the  ftationary 
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“ ftate  of  the  diminifhing  bulk  of  the  two  mixed  airs, 
“ above-mentioned  ; which  being  perceived,  I take  off 
“ the  fmall  tube  g h from  the  eudiometer,  and  lay  down, 
“ for  fome  minutes,  the  whole  inftrument,  in  an  horizon- 
‘‘  tal  pofition,  under  the  water  of  the  tin  veflel : I fhut 
“ up  the  mouth  V with  the  glafs  ftopple  M,  and  reverf- 
“ ing  the  inftrument,  I hang  it  up  by  the  end  V,  on  the 
“ hook  W.  By  this  pofttion  the  whole  diminiftied  air  of 
“ the  veflel  ABC  goes  up  to  the  top,  where  its  real  bulk 
“ is  fhewn  by  the  number  of  the  fcale,  facing  the  inftde 
“ furface  ol  water.  This  number  being  deducted  from 
“ 128,  gives  the  comparative  wholefomenefs  of  the  air 
“ already  tried,  without  any  farther  calculation. 

“But  this  procefs  will  be  ftill  eafter,  when  the  laft  dimi- 
“ nution  of  the  two  mixed  kinds  of  air  is  only  required 
“ in  the  obfervation  ; becaufe  no  ufe  will  be  then  made  of 
“ the  fyphon.  In  fuch  a cafe,  the  inftrument  is  left  hang- 
“ ing  on  the  hook  W,  for  48  hours ; after  which  it  is  laid 
“ down  under  the  water  of  the  trough,  in  an  horizontal 
“ pofttion,  for  8 or  12  minutes,  in  order  to  acquire  the 
“ fame  temperature  of  the  water : the  mouth  V is  then 
“ fhut  up  with  the  ftopple  M ; the  inftrument  is  hung  by 
“ the  end  V in  a contrary  pofttion  ; and  the  laft  real  bulk 
“ of  the  good  mixed  air  will  be  then  fhewn  by  the  num- 
“ ber  of  the  brafs  fcale,  anfwering  to  the  inftde  furface  of 
“ the  water.” 

In  this  inftrument  the  intelligent  reader  may  eaftly  per- 
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ceive  a needlefs  complication  of  parts,  and  a troublefome 
procefs.  The  caufes  of  errors  are  many,  but  the  principal 
will  be  taken  notice  of  after  we  have  defcribed  the  third 
eudiometer  of  the  fame  author,  which  is  fubje6t  to  many 
fimilar  defeats. 

This  third  eudiometer  coniifts  of  a ftraight  glafs  tube 
EN,  fig.  24,  plate  II.  of  a uniform  diameter,  about 
two  or  three  feet  long,,  with  a large  ball  S,  and  a glafs 
“ ftopple  M,  fitted  air-tight  to  the  mouth  N,  which  ought 
‘‘  to  be  wide  open,  as  a funnel,  unlefs  a feparate  one  is 
“ made  ufe  of.  There  is  alfo  a fmall  fyphon  K L,  with  a 
brafs  ring  X : a fmall  phial  Z,  the  contents  of  which 
“ may  be  received  in  the  third  part  of  the  ball  S ; and 
“ when  put  into  the  glafs  tube,,  mufl:  take  there  no  more 
than  the  half  of  its  length.  Laftly,  this  inftrument  has 
a ruler  I,  which  is  divided  and  ftamped  like  that  other 
already  defcribed  j and  a glafs  funnel,  which  is  ground 
to  the  mouth  N of  the  inftrument,  when  this  is  not 
‘‘  wide  open,  as  already  faid.” 

The  ufe  of  this  inftrument  is  as  follows  : 

Firft,  it  is  filled  with  water,  and  fet  in  a vertical  po*- 
“ fition,  with  the  mouth  N under  the  furface  of  the  war- 
“ ter,^in  a tub,  or  in  a trough.  Secondly,  the  phial  Z is 
“ filled  as  above  with  nitrous  air  ^ and  thrown  into  the 
“ tube  by  means  of  the  glafs  funnel,  which  is  ground  to> 
“ the  mouth  N of  the  eudiometer,  unlefs  it  be  wide 
“ enough  not  to  be  in  need  of  any  funnel.  Thirdly,  the 
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fame  phial  Z is  again  filled  with  the  air  to  be  tried;  and 
thrown  into  the  fame.  Fourthly,  the  fyphon  K L is 
“ added  immediately  to  the  mouth  N of  the  eudiometer, 
under  the  furface  of  the  water  ; fome  of  which  is  to  be 
“ poured  into  it. 

“ Fifthly,  the  ftationary  moment  of  the  greateft  dimi- 
“ nution  of  the  mixed  air  at  S,  is  watched  by  means  of  the 
“ ring  X,  as  mentioned  above.  Sixthly,  when  that  mo- 
“ ment  arrives,  the  fyphon  K L is  taken  off ; the  eudi- 
“ ometer  is  laid  for  fome  minutes  under  the  water,  in  an 
“ horizontal  pofition,  or  nearly  fo,  but  in  fuch  a manner 
“ that  no  part  of  the  inclofed  air  may  get  out;  the  mouth 
“ N is  fhut  up  with  the  glafs  ftopple  M,  and  the  inftrument 
“ is  inverted  with  the  mouth  N upwards.  Lafily,  the 
“ fpace  occupied  by  the  refiduum  of  the  diminifhed  air, 
is  meafured  by  applying  to  its  fide  the  divided  ruler,  or 
“ fcale,  and  the  refult  is  eftimated  after  the  manner  al- 
ready  explained.”^ 

The  Author,  in  his  defcription  of  the  above-mentioned 
eudiometers,  adds  various  other  cautions  to  be  ufed  in 
conducting  the  experiments,  &c. ; and  he  remarks  feverall 
neceflary  particulars  relating  to  the  ufe  of  thofe  inftru- 
ments,  but  I think  it  unneceflary' to  take  any  notice  of 
them  here,  fince  the  reader  may  be  afilired  that  thofe  in- 
ftruments  are  quite  ufelefs  for  the  purpofe,  for  which 
they  are  intended.  Some  reafons  to  fupport  this  aflertion 
have  already  been  mentioned  in  the  preceding  pages,  but 
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the  principal  will  appear  in  the  following.  The ‘reader 
muft  have  remarked,  that  the  conftrudion  of  the  above- 
mentioned  three  eudiometers  is  principally  founded  upon 
the  remarkable  phenomenon  which  Mr.  Magellan  faid 
to  have  difcovered  ; namely,  that  the  bulk  of  nitrous  and 
common  air,  after  a certain  degree  of  diminution,  in- 
creafes  for  a fhort  time.  Now  this  phenomenon  was 
nothing  more  than  a miftake  of  the  author,  owing  1 can- 
not imagine  to  what  caufe;  for  when  I acquainted  him, 
that  after  repeated  trials  I could  not  obferve  it,  he  frankly 
acknowledged,  that  it  muft  have  been  occafioned  by  fome 
miftake  in  his  former  experiments ; for  he  could  not  now 
obferve  it  hirnfelf. 

From  this  it  appears,  that  great  part  of  the  appendage 
belonging  to  the  above- defcribed  three  eudiometers,  is 
ufelefs ; but  the  moft  diredl  proof  of  the  little  ufefulnefs 
of  thofe  inftruments,  will  appear  from  the  refult  of  fome 
experiments  adually  tried  with  them.  As  I was  by  my 
own  experience  convinced  of  the  inconftancy  of  the  ex- 
periments tried  with  thofe  inftruments,  I requefted  of 
Mr.  Magellan  to  fhew  me  the  experiments  hirnfelf,  to 
which  he  obligingly  confented.  The  inftrument  he  ufed 
was  his  firft-defcribed  eudiometer,  with  which  he  tried 
the  air  taken  out  of  the  window  of  that  room  in  which 
the  experiments  were  performed.  By  the  firft  trial,  the 
diminution  of  the  joint-bulk  of  both  elaftic  fluids,  viz.  the 
nitrous  and  the  common  air,  was  48  parts  out  of  132 
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(which  is  equal  to  the  capacity  of  both  the  phials,  A B fig.  2 2. 
plate  II.)  By  a fecond  trial,  the  fame  elaftic  fluids  being 
always  ufed,  the  diminutioa  was  58  parts  out  of  132;  viz. 
10  parts  more  than  before.  By  a third  trial,  the  diminu- 
tion was  again  48  parts  ; and  by  a fourth  trial, dt  was  51 
parts  out  of  132.  From  this  it  plainly  appears,  that  with 
fuch  an  inftrument  one  cannot  depend  upon  a greater  de- 
gree of  accuracy  than  within,  at  leafl:,,  10  parts  out  of  132, 
or  upon  about  one  1 3th  part  of  the  quantity  of  both  elaftic 
fluids.  Now,  by  very  accurate  experiments,  to  be  men- 
tioned in  the  courfe  of  this  work,  it  will  appear  that  if  a 
mixture  of  equal  quantities  of  common  and  nitrous  air  be 
diminifhed  with  proper  method,  and  then  equal  quantities 
of  atmofpheric  air,  contaminated  fo  that  a candle  will  not 
burn  in  it,  together  with  nitrous  air,  be  alfo  diminifhed  by 
the  fame  method  ; the  difference  of  thofe  two  diminutions 
will  be  about  one  1 3th  of  the  whole  quantity  of  elaftic  fluids 
employed  in  each  experiment ; therefore  it  follows,  that  by 
the  above-mentioned  eudiometer  of  Mr.  Magellan,  one 
cannot  find  any  certain  difference  between  common  re^- 
fpirable  air,  and  fuch  air  wherein  a candle  will  not  burn*. 
The  reader  may  hence  judge  how  little  we  can  depend 
upon  the  experiments  made  with  thofe  inftruments,  in 
order  to  afcertain  the  degree  of  purity  of  the  atmofpheri- 

* Mr.  Magellan  himfelf  ingenuoufly  acknowledged  to  me,  that  after  many  re- 
peated experiments  with  his  eudiometers,  he  defpaired  to  obtain  a conftant  refult, 
even  when  the  nitrous  and  common  air  that  he  ufed  were  precifely  of  the.  fame 
quality. 
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cal  air  in  various  parts  of  the  world,  and  even  at  various 
trifling  heights  above  the  ground  in  the  fame  town,  or  near 
the  fame  building ; where  the  difference,  if  any  difference 
at  all  exifls  between  the/air  of  thofe  places,  as  fomeperfons 
have  attefled,  is  fo  final  1 as  to  be  impoflible  to  be  afcertained 
by  means  of  thofe  inaccurate  inftruments. 

The  beft  method  hitherto  known,  by  which  the  purity 
of  the  atmofpheric  or  refpirable  air  may  be  afcertained,  is 
that  ufed  by  Mr.  Fontana.  The  accuracy  of  this  method  is 
fuch  as  can  hardly  be  believed  by  perfons  who  have  not 
obferved  it.  We  remarked  above,  that  by  Mr.  Magellan’s 
method,  when  the  fame  kinds  of  elaftic  fluids  were  ufed,  the 
difference  between  two  experiments  fometimes  amounted 
to  one  13th  of  the  whole  quantity,  or  nearly  one  7th  of 
a meafure;  but  the  reader  may  be  affured,  that  by  Mr. 
Fontana’s  method,  when  properly  performed,  the  error  of 
ftmilar  experiments  very  feldom  amounts  to  one  50th  of 
a meafure.  This  method  conflfts  rather  in  a nicety  and 
uniformity  of  operation,  than  in  the  particular  conftru(ftion 
of  the  inftrument,  which  originally  is  nothing  more  than 
a divided  glafs  tube,  viz.  the  fame  in  principle  as  that  for- 
merly ufed  by  Dr.  Priestley.  Indeed  Mr.  Fontana, 
towards  the  beginning  of  laft  fummer,  I779j  in  order  to 
avoid  fome  fmall  errors,  added  a very  complicated  appa- 
ratus to  his  eudiometer,  which  rendered  it  rather  incon- 
venient to  manage,  and  feems  altogether  ufelefs.  I fhall 
iirft  defcribe  his  Ample  eudiometer,  and  afterwards  his 
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laft  complicated  apparatus ; to  which  proper  remarks  will 
be  added. 

The  glafs  tube  was  as  nearly  cylindrical,  viz.  of  a di- 
ameter as  uniform  throughout,  as  can  be  diftinguiflied  by 
meafuring  Its  diameter  was  about  three  quarters  of  an 
inch;  its  length  was  about  18  inches,  and  was  hermetically 
clofed  at  one  end.  On  the  outlide  of  this  tube  marks  were 
made,  or  circles  were  marked,  with  a diamond,  at  the 
diftance  of  three  inches  from  one  another,  beginning  from 
the  clofed  end  of  the  tube;  or  at  fuch  diftances  as  are 
exactly  filled  by  equal  meafures  of  elafiic  fluids.  When 
the  parts  of  thefe  divifions  were  required,  the  edge  of  a 
brafs  ruler  divided  into  inches  and  parts  of  an  inch,  was 
held  againfl;  the  tube,  fo  that  the  firfh  divifion  of  the  ruler 
might  coincide  with  one  of  the  marks  on  the  tube,  &c.  Into 
this  tube  the  nitrous  and  refpirable  air  are  introduced,  dimi- 
niflied,  and  meafured;  but  in  order  to  introduce  a juft  quan- 
tity of  elaftic  fluid  in  it,  Mr.  Fontana  contrived  a meafure, 
which  is  the  only  inftru.ment  hitherto  known,  that  is  ca- 
pable of  meafuring  always  a conftant  quantity  of  elaftic 
fluid.  This  meafure  is  reprefented  fig.  i,  plate  III : it 
confifts  of  a jfliort  glafs  tube,  A B,  abut  two  inches  long 
and  one  inch  in  diameter,  clofed  at  the  end  A,  and  to 

* The  way  to  obferve  whether  a glafs  tube  is  perfe<5tly  cylindrical  in  its  cavity, 
is  to  pour  into  it  at  different  times  equal  weights  of  mercury  or  of  water,  one 
upon  the  other-,  obferving  each  time,  by  means  of  a divided  ruler,  if  thofe  equal 
quantities  of  liquor  fill  equal  lengths  of  the  tube. 

U u 


whofc 


330  "The  principal  Properties  of  elafiic  Fluids 

whofe  aperture  B a brafs  piece  B C D E is  cemented, 
which  contains  a Biding  door  D,  which,  when  pufhed 
into  its  proper  cavity,  fhuts  the  mouth  of  the  tube  or 
meafure  AB,  and  when  pulled  out,  as  it  is  fhewn  in  the 
figure,  opens  the  faid  aperture.  In  order  to  prevent  the 
door  D being  pulled  quite  out,  a fpring  E is  fcrewed  upon 
the  flat  part  of  the  brafs  piece,  the  extremity  of  which 
bears  upon  the  head  of  a brafs  pin,  which  pafTing  through 
a hole,  rubs  againft  the  door  D,  and  when  this  is  pulled 
nearly  out,  the  pin  falling  into  a little  cavity,  prevents  its 
being  taken  quite  out.  The  opening  or  diameter  of  the 
brafs  piece  is  nearly  the  fame  with  that  of  the  glafs  tube 
AB;  and  near  its  mouth  C there  are  two  notches  s s made 
with  the  edge  of  a file,  for  a reafon  that  will  appear  in  the 
fequel.  In  fig.  2,  plate  III.  is  exhibited  a dotted  repre- 
fentation  of  the  cavity  of  the  brafs  piece,  and  the  feparate 
parts  of  the  faid  meafure;  viz.  A the  glafs  tube,  B the  brafs 
piece,.  C the  Aiding  brafs  door,  inverted  fo  as  to  exhibit 
the  cavity  for  the  pin;,  D the  pin,  with  the  fpring  and  fmall 
fcrew.  It  mufl;  be  obfetved,  that  the  infide  furface  of  the 
glafs  tube  of  this  meafure,,  and  alfo  the  infide  furface  of 
the  eudiometer  or  long  tube.,  fliould  be  rubbed  with  fine 
emery,, fo  as  to  take  off  the  polifli;  in  which  cafe  the  water, 
when  the  experiments  are  tried,  will  not  adhere  to  it  in 
drops ; confequently  the  meafuring  by  thep  will  be  more 
exadt. 

This  apparatus  is  u fed  in  the  following  manner: — The 

long 
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long  tube  is  filled  with  water,  and  being  turned  with  the 
mouth  downwards,  is  left  in  the  tub  A B C D,  fig.  i, 
plate  II.  (which  is  filled  with  water  as  far  as  one  inch 
above  the  fhelf ) againft  the  fide  B ; then  the  meafure,  be- 
ing alfo  filled  with  water,  is  inverted  over  the  hole  i of 
the  fhelf  of  the  tub,  and,  in  order  to  fill  it  with  the  re- 
quired fort  of  elaftic  fluid,  a phial  containing  that  elaftic 
fluid  is  brought  with  its  mouth  underneath  the  fhelf, 
where  being  inclined  a little,  fome  of  the  elaflic  fluid  is 
caufed  to  efcape  from  it,  and  to  pafs  into  that  excavated 
funnel  under  the  fhelf,  which  communicates  with  the  hole 
from  whence  dt  will  pafs  through  the  hole  i into  the 
meafure,  which  is  inverted  over  it,  and  has  its  door  open, 
that  is,  the  fliding-piece  drawn  out ; at  the  fame  time 
the  water,  which  before  filled  the  cavity  of  the  meafure, 
efcapes  out  through  the  notches  j j,  fig.  i,  plate  III*. 
This  done,  the  door  of  the  meafure  is  fhut,  by  pufhing  it 
in  as  far  as  it  will  go,  and  the  meafure  being  drawn  ofF 
from  the  fhelf,  but  being  flill  kept  under  water,  is  turned 
with  the  mouth  upwards,  by  which  means  the  fuperfluous 
quantity  of  elaftic  fluid,  which  being  feparated  by  the 
fliding-piece,  remained  in  the  cavity  of  the  brafs  piece, 
efcapes  out,  and  its  place  is  occupied  by  water.  Then 
the  meafure  is  again  inverted  with  its  mouth  downwards, 

* Without  thofe  notches  the  meafure  would  ftili  be  filled  with  the  elaftic  fluid, 
but  not  fo  readily,  becaufe  the  water  could  not  get  out  of  it  with  facility  j 
hence  the  operation  would  be  longer. 
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and  is  fet  any  where  upon  the  fhelf  of  the  tub,  and  there 
the  door  or  fliding-  piece  is  opened.  The  reader  may  eafily 
underftand,  that  by  this  procedure  a conftant  meafure  of 
elaftic  fluid  may  always  be  had.  Now,  after  the  meafure 
is  filled  with  that  refpirable  fluid,  which  is  required  to  be 
tried,  the  long  tube  is  put  with  the  aperture  upon  the 
hole  i of  the  tub,  where  it  is  kept  perpendicular,  and  the 
meafure,  being  removed  from  the  fhelf,  is  brought  under 
itj  where  it  is  turned  with  the  mouth  upwards,  fo  that  the  . 
elaftic  fluid  may  efcape  from  it,  and  paffing  through  the 
' hole  /,  may  enter  the  tube,  where  it  will  occupy  the 
upper  part  of  it  as  far  as  the  firft  mark.  Then  the  tube 
is  again  removed  from  the  fhelf,  and  is  replaced  againft 
the  fide  B of  the  tub,  whilft  the  meafure  is  again  filled 
with  elaftic  fluid,  after  the  manner  mentioned  above,  &c. 
When  Mr.  Fontana  wanted  to  examine  the  degree  of 
purity  of  common  air,  he  ufed  firft  to  throw  into  the  tube 
two  meafures  of  common  air,  one  after  the  other,  in  the 
manner  {hewn  above  ; then  he  added  one  meafure  of 
nitrous  air,  but  as  foon  as  this  nitrous  air  was  entered  into> 
the  tube,  he  ufed  to  remove  the  tube  from  the  fhelf,  and 
holding  it  by  the  top  or  clofed  end,  agitated  it  in  the 
water  of  the  tub  for  about  20  feconds,  after  which  he 
refled  it  againft  the  fide  B of  the  tub,  whilft  he  filled  the 
meafure  again  with  nitrous  air  3.  then  putting  the  tube 
upon  the  flaelf,  and  holding  it  as  nearly  perpendicular  as 
he  could,  applied  the  edge  of  the  divided  ruler  to  it,  in 
2 order 
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order  to  obferve  the  diminution  of  the  two  elaftic  fluids ; 
for  although  three  meafures  of  elaflic  fluid  had  been 
thrown  into  it,  which,  if  no  diminution  had  taken  place, 
ought  to  have  reached  as  far  as  the  third  mark  ; their  com- 
bined and  diminifhed  bulk  occupied  about  two  meafures, 
more  or  lefs  a few  parts  of  a meafure,  which  were  indica- 
ted by  the  divided  ruler.  After  this  Mr.  Fontana  ufed 
to  throw  another  meafure  of  nitrous  air  into  the  tube,  and 
after  fhaking  and  letting  it  reft  awhile,  obferved  again  the 
diminution  of  thefe  four  meafures  of  elaftic  fluid,  viz.  two 
of  common,  and  two  of  nitrous  air. — The  reafon  of 
obferving  thefe  two  diminutions  rather  than  one,  and 
eftimating  the  purity,  &c.  from  them,  will  appear  in 
the  fequel.  That  this  method  of  Mr.  Fontana 
fhould  be  very  accurate,  may  perhaps  appear  fome- 
what  myfterious ; but  the  rnyftery  will  foon  vanifh,  if 
it  be  confidered,  that  the  accurate  refult  depended  not  fo 
much  upon  the  particular  conftrudion  of  the  inflrurnent, 
as  upon  the  regular  management  of  it,  and  unifor- 
mity of  operation.  Indeed  the  exadlnefs  of  the  meafure 
contributed  a great  deal ; but  Mr.  Fontana  having  ob- 
ferved, that  with  exactly  the  fame  quantities  of  nitrous  and 
common  air,  very  different  refults  could  be  occafioned  by 
their  being  left  a longer  or  fhorter  time  before  the  inftru- 
ment  was  agitated,  by  being  agitated  a great  deaf  or  a 
little,  and  by  other  circumftances,  which  would  feem 
trifling  to  a fuperficial  obferver  ; took  care  to  perform  the 

operation 
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operation  always  in  a fimilar  manner,  viz.  to  agitate  the 
tube  for  the  fame  length  of  time,  to  agitate  it  always  with 
equal  quicknefs,  &c.  by  which  means,  when  the  fame  elaflic 
fluids  were  ufed,  the  refults  of  the  experiments  were  fo 
nearly  the  fame,  that  the  difference,  if  any  could  be  ob- 
ferved,  might  have  been  negledled  without  impropriety. 

Notwithftanding  the  great  accuracy  of  this  method, 
Mr.  Fontana  endeavoured  to  render  the  refult  of  fuch 
-experiment  ftill  more  precife,  and,  attentively  examining 
the  fmall  errors  to  which  the  above-mentioned  method 
could  be  fubjed,  contrived  means  to  avoid  them.  Thefe 
errors  were  principally  three,  viz.  firft  the  elaflic  fluid 
within  the  tube,  when  the  greatefl  part  of  it  is  fllled  with 
water,  and  the  tube  is  kept  out  of  the  water,  excepting  its 
mouth;  is  not  of  the  fame  denflty  with  the  outward  or 
atmofpheric  air,  on  account  of  the  pillar  of  water  in  the 
tube,  which,  according  as  it  is  longer  or  fhorter,  counter- 
balances, more  or  lefs,  the  preffure  of  the  atmofphere 
upon  the  quantity  of  elaflic  fluid  contained  in  the  upper 
part  of  the  tube;  which  quantity  of  elaflic  fluid  confe- 
quently  occupies  a greater  or  lefs  fpace,  according  as  the 
pillar  of  water  is  higher  or  lower  * : hence  it  appears  very 

* In  order  to  obferve  this  truth  very  eafily,  take  a glafs  tube  about  two  or 
three  feet  long,  and  above  a quarter  of  an  inch  in  diameter,  clofed  at  one  end, 
and  after  filling  it  with  water,  invert  it  in  the  water  of  the  tub*,  then  let  a 
fmall  quantity  of  common  air  enter  into  it,  fo  as  to  occupy  about  five  or  fix 
inches  of  the  tube,  which  may  be  done  by  lifting  the  mouth  of  the  tube  above 
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clearly,  that-  if  equal  meafures  of  elaftic  fluid  are  fuccef- 
flvely  thrown  into  the  tube,  the  fpaces  occupied  by  the 
fame  are  not  equal ; for  inftance,  if  the  firfl;  meafure  oc- 
cupies three  inches  length  of  the  tube,  the  fecond  meafure 
will  occupy  fomething  lefs  than  three  inches  length,  be- 
caufe,  after  introducing  this  fecond  meafure,  the  pillar  of 
water  remaining  in  the  tube  (fuppoflng  that  the  tube  is 
always  fet  upon  the  fhelf  as  mentioned  above)  is  fhorter 
than  before ; and  fo  of  the  fubfequent  meafures,  &c.— 
This  error,  it  is  manifefl;,  becomes  infenflble  when 
the  furface  of  the  water  within  the  tube  comes  nearly  to- 
coincide  with  the  furface  of  the  outflde  water,  viz.  when, 
the  pillar  of  water  within  the  tube  is  very  fbort. 

The  fecond  error  was  owing  to  the  difflculty  of  keep  - 
ing the  infirument  perpendicular  in  the  adl  of  meafuring. 
the  diminution  ; and  the  third  was  the  ftill  greater 
difflculty  of  obferving  with  what  diviflon  of  the  ruler  the. 
furface  of  the  water  within  the  tube  did  coincide. 

All  thefe  errors  Mr.  Fontana  thought  to  avoid,  be- 
fldes  obtaining  fome  other  advantages,  by  the  following; 

the  furface  of  the  water  in  the  tubj  and  quickly  immerging  it  again;  This  done,, 
put  a mark  with  a bit  of  foft  wax  upon  the  outflde  of  the  tube,  coinciding  with 
the  furface  of  the  water  in  it;  then  let  the  tube  be  immerged  more  or  lefs  into 
the  water  of  the  tub,  fo  as  to  render  the  pillar  of  water  in  it,  longer  or  fliorter, 
(meafuring  it  from  the  furface  of  the  water  within  the.  tube  to  the  furface  of  the 
water  in  the  tub)  and  it  will  be  obferved,  that  the  furface  of  the  water  within  the 
tube  rifes  accordingly  above  or  falls  below  the  mark;  which  ffiows  that  the  air.- 
within. the  tube  does  not  always  occupy  the  fame  fpace. 
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contrivance  ; but  the  complication  of  the  mechanifin,  the 
difficulty  of  iffing  and  of  properly  conftrudting  it,  feem  not 
to  be  fufficiently  compenfated  by  the  real  advantages  gained. 

A AAA,  fig.  2,  plate  III.  reprefents  a ftrong  glafs  tube 
of  about  three  inches  in  diameter,  and  eighteen  inches 
long,  with  a foot  or  bafis  of  glafs,  all  in  one  folid  piece. 
Towards  the  upper  end  of  this  tube,  viz.  within  about  an 
inch  of  its  mouth,  is  faftened  a brafs  rim,  which  contains 
two  brafs  rings,  which  are  moveable  upon  oppofite  centers, 
after  the  manner  ufed  for  fufpending  fea-compafies ; — they 
are  commonly  called  gingles,  C C C C is  the  meafur- 
ing-tube  or  eudiometer,  which  is  exactly  as  that  defcribed 
before,  with  lines  marked  upon  its  outfide  furface,  to  ffiew 
the  fpaces  occupied  by  equal  meafures  of  elaftic  fluid. 
Upon  this  tube  is  adapted  the  fcale  B B,  which  is  repre- 
fented  feparately  in  figure  the  3d;  it  confifts  of  two  brafs 
flips  AC,  AC,  connected  by  two  brafs  rings  A A,  C C, 
through  which  the  eudiometer-tube  pafles.  To  the  lowed 
of  thofe  rings  is  fcrewed  a perforated  brafs  piece  B B,  fur- 
niffied  with  crofs  pins  or  pivots;  and  by  means  of  longitudi- 
nal cuts,  its  lower  extremity  is  rendered  fpringy,  fo  that 
when  all  the  piece  A B A B is  put  upon  the  eudiometer- 
tube,  the  latter  cannot  flip  from  within  the  former,  unlefs 
the  operator  forces  it.  When  the  eudiometer-tube,  with 
the  fcale,  &c.  is  put  together,  as  reprefented  in  fig.  2d, 
the  crofs  pins  of  the  piece  B B,  fig.  3d,  refl  upon  the 
inner  ring  of  the  gingle  at  A A,  fig.  2d,  by  which 

means 
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means  the  tube  C CCC  is  kept  perpendicular  within  the 
tube  A A A A,  provided  this  latter  is  fituated  fo  nearly 
perpendicular  as  the  former  may  not  touch  the  fide  of  it, 
and  be  thus  prevented  to  acquire  a perpendicular  diredliono 
Oneof  the  brafs  flips  AC,  fig.  3,  plate  III.  is  divided  into  equal 
parts,  one  hundred  of  which  are  equal  to  the  fpace  between 
two  of  the  marks  on  the  eudiometer-tube  C C C C,  hg.  2, 
plate  III;  confequently  they  fhew  the  parts  of  a meafure. 
The  numeration  of  thefe  divifions,  begins  from  the  upper 
edge  of  the  lower  ring,  which  connects  the  two  brafs  flips 
A C A C. — The  manner  of  ufing  this  inftrument  is  the 
following: — One  or  more  meafures  of  refpirable  air  are 
thrown  into  the  eudiometer-tube  C C C C with  the 
meafure,  after  the  manner  fhewn  above,  to  which  is  added 
one  meafure  of  nitrous  air,  and  after  fhaking  the  faid  tube 
for  a fhort  time,  it  muft  be  introduced  into  the  large  tube 
AAA  A,  which  muft  neceffarily  for  that  purpofe  beintirely 
plunged  into  the  water  of  the  tub  ; for  in  this  adlion  the 
mouth  of  the  eudiometer-tube  CC  C C muft  not  be  lifted 
out  of  the  water.  When  the  eudiometer-tube  has  been  in- 
troduced into  the  large  tube  AAA  A,  the  whole  together 
is  taken  out  of  the  water,  and  is  fet  either  upon  a table  or 
upon  the  fheLf  of  the  tub.  Now  the  large  tube  A A A A is 
filled  with  water,  and  the  eudiometer-tube  is  fufpended 
perpendicularly  in  it  by  means  of  the  crofs  pins  or  pivots 
of  the  brafs  piece  annexed  to  the  fcale,  which  reft  upon 
the  inner  ring  of  the  gingle.  The  operator  muft  then 
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ilide  the  tube  C C C C up  and  down  through  the  fcale  and 
brafs  piece,  &c.  till  the  furface  of  the  water  within  the 
tube  coincides  precifely  with  the  upper  edge  of  the  lower 
ring  that  conneds  the  two  brafs  flips  of  the  fcale-piece, 
which  may  be  done  very  accurately  by  means  of  a lens, 
which  is  fometimes  faftened  to  the  edge  of  the  large  tube 
as  at  D,  but  it  is  more  convenient  to  hold  it  in  the  hand 
After  fixing  this  point,  it  mufi;  be  obferved  which  divifion 
of  the  fcale  coincides  with  one  of  the  circular  divifion 
marked  upon  the  glafs  tube  C C C C,  which  will  fhew  the 
parts  of  a meafure.  Thus,  fuppofe  that  when  the  eudi- 
ometer-tube is  fixed,  fo  that  the  furface  of  the  water  in  it 
coincides  perfedlly  with  the  edge  of  the  lower  brafs  ring, 
viz.  with  the  beginning  of  the  divifions  ; that  the  feventi- 
eth  divifion  of  the  fcale  falls  upon  the  firft  circular  mark 
of  the  faid  tube,  as  it  is  (hewn  in  the  figure ; then  it  is 
plain  that  the  quantity  of  elaftic  fluid  contained  in  the 
tube  is  equal  to  one  meafure,  more  feventy  hundreds  of 
a meafure.  When  this  quantity  of  diminifhed  elaftic  fluid 
has  been  thus  obferved,  the  large  tube  being  immerged 
again  into  the  water  of  the  tub,  the  eudiometer-tube  is 
removed  from  it,  but  always  taking  care  that  its  mouth  be 

* The  furface  of  the  water  within  the  eudiometer  is  concave,  and  when 
viewed  hori2iontally,  it  appears  like  a dark  line  or  limit  exceedingly  well  defined, 
fo  that  the  middle  or  lowed  point  of  it  may  be  made  to  coincide  with  the  edge 
of  the  brafs  ring  with  great  precifion,  except  whenfome  drops  of  water  hang  on 
the  outfide  of  the  tube,  which  diould  therefore  be  wiped  off. 
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not  lifted  above  the  furface  of  the. water.  Another 
nieafure  of  nitrous  air  muft  now  be  introduced  into  the 
eudiometer  tube,  after  the  manner  mentioned  above,  then 
the  tube  is  agitated  as  before — is  introduced  into  the  large 
tube  AAA  A — the  whole  is  taken  out  of  the  water  of  the 
tub,  and  the  quantity  of  elaftic  fluid  contained  in  the 
tube  C C C C,  after  this  fecond  diminution,  is  obferved 
after  the  manner  directed  above. 

This  apparatus  keeps  the  eudiometer-tube  perfectly 
perpendicular,  and  renders  the  pillar  of  water  in  it  very 
fhort ; for,  as  the  large  tube  A A A A is  fiWed  with  water, 
which  forms  the  office  of  a tub,  when  the  furface  of  the 
water  in  the  tube  C C C C is  made  to  coincide  with  the 
brafs  ring,  the  pillar  of  water  in  the  faid  tube  (meafiiring 
from  the  edge  of  the  brafs  ring  to  the  furface  of  the  water 
in  the  tube  A A A A ) is  not  above  half  an  inch  at  moft. 

It  is  eafy  to  obferve,  that  if  the  operator,  when  furnifhed 
with  the  eudiometer-tube  only,  keeps  it  fo  farimmerged  in- 
to the  water  of  the  tub,  when  he  obferves  the  divifions  See. 
that  the  water  within  the  tube  may  be  nearly  equal  with 
the  edge  of  the  tub ; the  large  tube  A A A A may  be 
fpared,  and  then  the  operation  becomes  much  more  eafy 
and  expeditious.  The  difficulty  of  keeping  the  tube  in  a 
perpendicular  diredion  is  a very  trifling  objeAion,  fince, 
when  the  limit  of  the  furface  of  the  water  in  the  tube  is 
determined  by  the  brafs  ring  in  the  manner  mentioned 
above,  the  difference  arifing  from  keeping  the  tube  either 
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perpendicular,  or  inclined  a few  degrees,  is  fo  very  fmall^ 
that  it  may  be  fafely  negleded  without  fear  of  any  fenfible 
error. 

In  confequence  of  thcfe  conhderations,  the  method 
which  I have  ufed  is  founded  upon  the  above-mentioned 
methods,  partly  ufed  and  partly  rejedted,  fo  as  to  retain 
their  ufeful  properties  and  to  avoid  their  inconveniences. 
This  method  will  be  defcribed  in  the  following  chapter; 
whilft  I {hall  conclude  the  prefent  with  the  recital  of  ano- 
ther method  of  determining  the  degree  of  purity  of 
refpirable  air,  by  its  diminution  with  nitrous  air,  ufed  by 
Mr.  De  Saussure,  Profeflbr  of  Philofophy  at  the  Academy 
of  Geneva;  who  afferts  that  his  method  is  more  expeditious, 
more  convenient,  and  more  exadl  than  the  others. 

His  apparatus  conhfts  of  a cylindrical  glafs  bottle,  with 
a ground  flopple,  whofe  capacity  may  be  about  five  ounces 
and  an  half ; this  bottle  is  the  recipient^  in  which  the  two 
forts  of  elaftic  fluids  are  mixed — a fmall  glafs  phial,  whofe 
capacity  is  nearly  equal  to  one  third  of  the  capacity  of  the  re- 
cipient, which  ferves  for  a meafure — a fmall  pair  of  fcales, 
that  may  weigh  very  exadlly — andfeveral  other  glafs  bottles, 
like  to  the  above-mentioned  recipient,  which  ferve  to  fupply 
the  place  of  the  recipient,  in  cafe  that  is  broken,  and  alfo 
to  contain  the  nitrous  or  other  forts  of  air.  All  this 
apparatus,  together  with  that  necefTary  to  make  the  nitrous 
air,  is  packed  into  a box,  which  may  be  eafily  carried  from 
place  to  place,  and  even  to  the  fummits  of  high  mountains. 

The 
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The  operation  is  as  follows. 

Firft,  the  recipient  filled  with  water,  clofed  with  the 
glafs  ftopple,  and  wiped  on  the  outfide,  is  weighed  very 
exadlly  ; then  it  is  immerged  in  a veflel  full  of  water,  and 
being  kept  with  the  mouth  downwards,  the  ftopple  is  re- 
moved, and  by  means  of  a funnel  two  meafures  of  common 
air,  and  one  of  nitrous  air,  are  introduced  in  it  one  after 
another,  which,  as  foon  as  they  come  into  contadl,  are  dimi- 
niftied,  and  the  water  gradually  enters  into  the  recipient. 
In  order  to  accelerate  this  diminution,  the  bottle  or  recipi- 
ent is  ftopped  and  ftiook,  then  is  opened  under  water, 
fo  as  to  let  more  water  enter  into  it,  inftead  of  the  di- 
miniftied  quantity  of  elaftic  fluid  ; then  it  is  ftopped  again, 
and  fo  for  three  times  fucceflively.  At  laft  the  bottle  is 
ftopped  under  water,  as  before,  but  then  it  is  taken  out  of 
it,  and  being  wiped  very  clean  and  dry,  is  weighed  very 
accurately.  It  is  plain,  that  now  this  bottle,  being  filled 
partly  with  elaftic  fluid  and  partly  with  water,  muft  be 
lighter  than  when  it  was  quite  full  of  water;  the  laft 
weight,  therefore,  being  fubtradted  from  the  former,  the 
remainder  fliews  the  weight  of  that  quantity  of  water, 
which  would  fill  the  fpace  occupied  by  the  diminiflied 
elaftic  fluid.  Now  in  making  fimilar  experiments  with 
airs  of  different  degrees  of  purity,  the  above-mentioned 
remainder  will  be  greater  when  the  diminution  is  lefs,  or 
when  the  air  is  more  impure,  and  contrary  wife : hence 

the 
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the  comparative  purity  between  two  or  more  forts  of  air  may 
be  determined  * , 

After  the  preceding  obfervations  upon  the  conftrudion 
and  ufe  of  eudiometers,  it  feems  almoft  ufelefs  to  remark,, 
that  this  method  of  determining  the  purity  of  refpirable  or 
atmofpheric  air  is  fubjedt  to  many  inconveniences,  which  are 
the  inevitable  fources  of  error  \ the  principal  of  which  are,  the 

inaccuracy 

* “ Je  pris  unflacon  de  verre  cylindrique,  dont  le  diametre  egaloit  a peu-pres 
“ la  hauteur,  qui  pouvoit  contenir  environ  5 onces  ^ d’eau,  & qui  fe  fermoit  ex- 
“ adlement  avec  un  bouchon  de  verre,  ufe  a I’Emeril. 

“ Ce  flacon  futdeftinea  etre  le  receptacle,  dans  lequelje  melerois  les  difFerens 
“ airs  avec  I’air  nitreux.  Je  le  nommois  \tredpent. 

“ Pour  mefurer  les  quantites  d’air  que  je  devois  faire  entrer  dans  ce  recipient,. 
“ je  cherchai  une  petite  phiole,  aufli  de  verre,  & dont  la  contenance  fut  a-peu- 
“ pres  le  tiers  de  celle  du  recipient : celle  a la  quelle  je  me  fixai  contenoit  une 
“ once,  6 gros,  1 2 grains  d’eau  ; enforte  que  le  recipient  contenoit  trois  de  ces 
“ mefures^  & environ  deux  drachmes  de  plus. 

“ Je  me  pourvus  outre  cela  d’une  petite  balance  bien  exade,  d’un  petit  en- 
tonnoir,  & de  plufieurs  flacons  de  verre  a-peu-pres  femblables  an  premier,  & 
qui  fefermoient  comme  lui  avec  des  bonchons  de  verre,  ufes  a i’Emeril.  La. 
“ deftination  de  ces  flacons  ctoit  de  remplacer  celui  qui  fervoit  de  recipient,  au 
“ cas  qu’il  vint  a fe  cafier,  & de  fervir  a tranfportcr  d’un  lieu  a I’autre,  les  diffe- 
“ rens  airs  quejevoulois  eprouver  & comparer  entr’eux. 

“ Ces  bouteilles,  ces  balances,  & ce  qu’il  faut  pour  preparer  I’air  nitreux,  fe 
“ logent  dans  une  boete  legere  & peu  volumineufe,  qui  fe  tranfporte  aifement 
“ & fans  danger  au  fommet  des  montagnes  les  plus  efcarpees ; on  prend  a- 
“ la  derniere  vacherie  que  Ton  rencontre,  un  petit  feeau  de  bois,  que  Ton  remplit 
“ de  la  derniere  eau  qu’on  trouve  en  montant.  Avec  cet  appareil,  on  peut  dans 
“ I’efpace  d’une  heure,  faire  fept  ou  huit  epreuves  diflferentes,  & obtenir  une  plus 
“ grande  exadlitude  qu’avec  aucun  des  eudiometres  fragiles  & difpendieux,  qui 
“ font  compofes  de  tubes  & de  robinets. 
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inaccuracy  of  the  meafure,  and  the  difficulty  of  flopping  the 
bottle  without  occafloning  a preflure  upon  the  contained 
elaflic  fluid,  which  being  variable,  mufl  occaflon  fome  error  or 
undeterminable  diflerence  in  the  weight  of  the  bottle. 

However,  the  method  is  very  ingenious,  and  perhaps  fome 
practice,  and  even  fome  fmall  variation  in  the  apparatus,  may 
render  it  fufliciently  ufeful  and  exad:. 

“ Quandje  veux  operer,  je  commence  par  preparer,  toojours  fuivant  le  meme 
“ precede,  la  quantite  d’air  nitreux  qui  m’  eft  neceflaire.  Des  qu’il  eft  pret,  jc 
“ remplis  d’eau  le  recipient : puis  le  tenant  renverfe  dans  I’eau  dont  le  petit  feeau 
“ eft  rernpli,  j’y  fais  entrer  a Taide  de  I’entonnoir*  d’abord  deux  mefures  d’air 
“ commun,  & puis  une  mefure  d’air  nitreux.  Je  vois  furle  champ  les  deux  airs 
“ fe  mcler  avec  efiervefcence,  prendre  une  teinte  orangee,  & I’eau  rentrer  dans 
“ la  bouteille  a mefure  qu’ils  s’abforbent  reciproquement.  Pour  completer  leur 
“ melange,  je  bouche  la  bouteille  en  la  tenant  toujours  fous  I’eau,  je  la  fecoue 
“ dans  I’eau  meme;  apres  quoi  je  la  debouche  de  nouveau,  mais  toujours  en  la 
“ tenant  renverfee  dans  le  feeau  plein  d’eau,  & il  rentre  ainfi  une  nouvelle  quan- 
“ tite  d’eau  a la  place  de  I’air  qui  s’eft  decompofe  ; je  repete  trois  fois  cette  ope- 
**  ration,  & toujours  de  la  meme  maniere  dans  chaque  experience.  Lorfque  le 
“ melange  des  airs  eft  ainfi  parfaitement  acheve,  je  bouche  fous  I’eau  la  bouteille 

pour  la  derniere  fois,  je  la  retire,  je  TelTuye  complettement,  & je  la  pefe. 
“ On  comprend  que  la  bouteille  fe  trouve  d’autant  plus  pefante  qu’il  s’eft  abforbe 
“ une  plus  grande  quantite  d’air,  puifque  la  preftion  de  I’atmofphere  fait  entrer  de 
“ I’eau  dans  la  bouteille,  a mefure  que  I’air  fe  decrait  ou  fe  decompofe.  Ainfi  je 
“ trouve  ordinairement  apres  le  melange,  que  la  bouteille  contient  une  once, 
“ 6 gros,  40  grains  de  plus  qu’elle  n’auroit  fait,  fi  au  lieu  d’y  introduire  un  me- 
“ lange  d’air  commun  & d’air  nitreux,  je  n’y  eufle  mis  que  d’une  feule  efpece  de 
“ ces  airs,  parce  que  par  le  melange  il  s’abforbe  une  quantite  d’air  equivalente  a 

“ un  peu  plus  qu’une  de  mes  mefures.” Voyages  dans  les  Alpes  of  Mr, 

De  Saussure,  1779. 
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CHAP.  vr. 

The  author  s method  of  determining  the  degree  of  purity  of  airy, 
and  of  meafuring  the  quantity  of  permanently  elajlic  fluid 
contained  in  am  inverted  glafs  vejfel^  filled  partly  with  it 
and  partly  with  water ^ or  other  fluid, 

IN  the  preceding  chapter  we  took  notice  of  the  various 
methods  of  determining  the  degree  of  purity  of  refpirable 
air,  remarking  thofe  particular  defeats,  which  rendered  feveral 
inftruments  for  that  purpofe,  either  ufelefs  or  deferving  fome 
alteration ; but  I have  referved  for  this  chapter  the  defcription 
of  a method,  which  being  founded  upon  a due  eonlideration 
of  all  the  others,  and  having  been  commonly  ufed  in  the 
courfe  of  my  experiments  relative  to  this  fubjed:,  feems  to  be 
the  moft  expeditious,  and,  at  the  fame  time,  accurate  method 
hitherto  known. 

The  apparatus,  which,  belides  the  above-deferibed  tub  and 
nitrous  air,  is  requiiite  for  this  purpofe,  is  a glafs  tube  or  eu- 
diometer, with  its  fcale  and  a meafure,  fuch  as  it  was  deferibed 
above,  and  is  reprefented  in  plate  III,  fig.  the  firft.  The  tube 
is  about  1 6 or  17  inches  long,  between  ^ and  * of  an  inch  in 
diameter,  and  of  an  equal  diameter  throughout.  One  end  of 
this  tube  mufl:  be  fealed  hermetically,  but  the  other  muft  be 
fhaped  in  the  manner  of  a funnel,  though  not  very  wide. — 
c This 
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This  may  be  eafily  done  by  means  of  a lamp  and  blowpipe. 
Fig.  the  4th,  plate  III,  reprefents  fuch  an  eudiometer,  A B 
being  the  glafs  tube,  to  the  upper  or  clofed  end  of  which  a 
loop^  AEG,  fhould  be  faftened,  which  is  made  of  waxed  hlk 
lace,  and  has  feveral  crofs  threads  C C,  D D,  EE,  &c. 
The  ufe  of  this  loop  is  to  fufpend  the  inftrument  to  a hook 
A B,  fig.  5,  plate  III,  which  fliould  be  either  faftened  con- 
tinually to  that  fide  of  the  tub  which  is  oppofite  to  the  fhelf, 
or  fo  conftrudled  as  to  be  eafily  removed  and  fixed  again,  as 
occafion  requires.  Mine  is  formed  of  a thick  brafs  wire,  the 
lower  extremity  of  which  fits  a hole  made  in  the  fide  of 
the  tub. 

The  brafs  piece  with  the  fcale,  which  Hides  upon  the  eu- 
diometer, is  formed  of  two  brafs  Hips,  F G,  HI,  joined  by 
two  brafs  rings  F H,  G I,  to  which  they  are  foldered.  Up- 
on one  of  thofe  brafs  flips  are  marked  one  hundred  divifions, 
beginning  from  the  upper  edge  of  the  lower  ring  G I,  and  all 
together  are  equal  to  the  fpace  contained  between  two  of  the 
marks  or  meafures  made  upon  the  glafs  tube ; fo  that  they 
fhew  the  parts  of  a meafure.  Upon  the  other  brafs  flip  H I 
are  likewife  marked  one  hundred  divifions,  but  they  begin 
from  the  lower  edge  of  the  upper  ring  F H, 

N.  B.  Thefe  divifions  muft  be  made  after  the  divifions 
are  marked  upon  the  tube;  which  are  to  be  made  in  the  fol- 
lowing manner : — 

When  the  tube  A B is  filled  with  water,  a meafure  of  air 
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fliould  be  thrown  into  it,  after  the  manner  fhewn  in  the  pre- 
ceding chapter;  then  the  tube  mufi:  be  fufpended  to  the  hook 
by  the  loop,  as  fhewn  in  fig.  5,  plate  III ; fo  high  as  that  the 
furfacc  of  the  water  within  the  tube  may  be  very  near  the  fur- 
face  of  the  water  in  the  tub,  as  for  inftance,  about  two  inches 
above  it ; then,  looking  horizontally  through  the  tube,  a 
mark  fhould  be  made,  by  flicking  a bit  of  foft  wax  upon  the 
tube,  juft  coinciding  with  the  lower  part  of  the  furface  of  the 
water  within  it,  in  which  place,  afterwards,  a circular  mark 
fhould  be  made  with  the  edge  of  a flint,  or  with  a piece  of 
agate,  or  a diamond,  but  not  fo  deep  as  to  endanger  the 
breaking  of  the  tube.  Thus  the  firft  meafure  is  marked 
upon  the  tube,  and  in  a fimilar  manner  are  the  other  mea- 
fures  alfo  marked,  viz.  by  throwing  two  meafures  of  air  into 
the  tube,  fufpending  it,  and  marking  it  as  before  ; then 
throwing  in  three  meafures,  &c. 

The  attentive  praditioner  fhould  never  venture  to  mark 
the  tube  with  the  indelible  ftroke  of  a flint,  or  diamond,  after 
one  trial,  left  he  may  make  a miftake  ; but  he  fhould  firft 
put  the  feveral  marks  upon  the  tube  with  wax,  then  he 
fhould  repeat  the  operation  once  or  twice  more,  in  order  to 
correeft  fome  errors,  that  perhaps  might  have  been  made 
the  firft  time  ; after  which  he  may  proceed  to  mark  his 
eudiometer  with  the  edge  of  a hard  ftone,  or  even  of  a fine 
file. 

The  polifli  of  the  iniide  furface  of  the  tube  A B,  as  well 
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as  of  the  meafure  fig.  ift,  plate  III,  fhould  be  taken  off  by- 
rubbing  it  with  fine  emery.  The  operation,  however,  is  very 
laborious. — At  lead:  the  meafure  fhould  be  done  fo. 

With  this  apparatus  the  degree  of  the  air’s  purity  muft  be 
tried,  in  the  following  manner:— 

Firfi,  fill  the  eudiometer-tube  with  water,  taking  care  that 
no  bubbles  of  air  remain  in  it,  and  inverting  it  with  the 
mouth  downwards,  leave  it  in  the  water,  againft  the  fide 
of  the  tub.  Secondly,  fill  the  meafure  with  that  refpirable 
elaftic  fluid  that  is  required  to  be  examined  Thirdly,  put 
the  eudiometer-tube  upon  the  fhelf  of  the  tub ; keeping  it 
perpendicular,  and  with  the  mouth  exadly  upon  one  of  the 
holes  of  the  faid  fhelf,  and  throw  the  meafure  of  air  into  it. 
Fourthly,  fill  the  meafure  again  with  the  fame  air,  and 
throw  it  likewife  into  the  tube.  Fifthly,  fill  the  meafure 
with  nitrous  air,  and  throw  it  alfo  into  the  tube ; but  im- 

* In  order  to  perform  this  operation  properly,  the  meafure,  filled  with  water, 
and  having  the  brafs  door  open,  is  fet  upon  one  of  the  holes  of  the  flielf  of  the 
tub  •,  then  a glafs  receiver,  containing  the  required  elaftic  fluid,  is  brought  under 
that  hole,  and,  being  inverted  a little,  fome  of  the  elaftic  fluid  is  thrown  out  of 
it,  which  elaftic  fluid,  pafTing  through  the  hole,  fills  the  meafure.  Then  the  re- 
ceiver being  replaced  upon  the  flielf,  the  meafure  is  drawn  fideway  from  over 
the  hole,  its  brafs  door  is  ftiut,  and  the  meafure  being  drawn  from  the  flielf  into 
the  deeper  water,  is  there  turned  upfide  down,  in  order  to  expel  that  quantity  of 
elaftic  fluid,  which  remains  in  the  brafs  piece ; after  which  it  is  again  inverted 
with  the  mouth  downwards  ; — -it  is  replaced  upon  the  flielf,  and  its  brafs  door  is 
drawn  out.— Then  the  contained  quantity  of  elaftic  fluid  (which,  proceeding 
conftantly  after  the  fame  manner,  is  always  the  fame)  may  be  thrown  into  the 
eudiometer-lube. 
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34^  T^he  principal  Properties  of  elaflic  Fluids^ 

mediately  after  this  operation  the  tube  mufl:  be  fhook,  by 
moving  it  alternately  up  and  down  in  the  water  of  the  tub 
for  about  a quarter  of  a minute  ; then  it  is  left  a fhort  while 
at  reft,  after  which  it  is  fufpended  to  the  hook  AB  fig.  5th, 
plate  III,  fo  that  the  furface  of  the  water  within  it  may  be 
about  two  inches  above  the  water  in  the  tub,  and  the  brafs 
fcale  is  flided  upon  it,  till  the  upper  edge  of  the  lower  ring 
coincides  with  the  middlemoft:  part  of  the  furface  of  the 
water  within  the  tube,  and  then  is  obferved  what  divifion  of 
the  fcale  coincides  with  any  of  the  divifions  on  the  tube,  by 
which  means  the  quantity  of  elaft’ic  fluid  remaining  in  the 
tube,  may  be  clearly  feen,  to  the  hundredth  part  of  a meafure. 
This  quantity,  which  (hews  the  firft  diminution,  is  then  fet 
down  in  the  following  clear  manner,  viz.  Firft,  the  two 
meafures  of  air  introduced  firft  into  the  tube  are  exprefled  by 
a Roman  number,  after  which  the  one  meafure  of  nitrous  air 
is  expreflTed  by  another  Roman  number,  and  the  meafures, 
with  the  parts  of  a meafure,  remaining  in  the  tube  after  the 
diminution,  are  exprefled  by  common  numbers  with  decimals; 
thus  fuppofe,  that  after  introducing  two  meafures  of  common 
air  and  one  of  nitrous  air,  and  after  fhaking  &c.  in  the  man- 
ner above  directed,  the  quantity  of  elaflic  fluid  remaining  in 
the  eudiometer  is  fuch,  that  when  the  upper  edge  of  the 
lower  ring  of  the  fcale-piece  coincides  with  the  lower  point  of 
the  furface  of  the  water  in  the  tube,  the  56th  divifion 
of  the  fcale  falls  againft  the  fecond  circular  divifion  on  the 
tube,  then  this  diminution  is  marked  thus,  II,  I,  2,56,  which 
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fignify,  that  two  meafures  of  common  air,  and  one  meafure 
of  nitrous  air,  after  being  diminifhed  by  their  mixing  together, 
were  reduced  to  two  meafures  and  fifty-fix  hundredth  parts  of 
a meafure.  Laftly,  after  marking  the  firft  diminution,  throw  a 
fecond  meafure  of  nitrous  air  into  the  tube,  fhake  the  infiru- 
menr,  and  after  a little  reft,  as  before,  obferve  this  fecond  dimi- 
nution, which  (fuppofing  to  have  reduced  the  whole  quantity 
of  elaftic  fluid  to  three  meafures,  more  feven  hundredth  parts 
of  a meafure)  is  marked  down  in  the  memorandum-book  thus,. 

II,  II,  3>07* 

Sometimes  one,  or  two,  or  three  more  meafures  of  nitrous 
air  muft  ftill  be  added,  in  order  to  obferve  the  diminution 
of  fome  very  pure  fpecies  of  refpirable  elaflic  fluid;  but  this 
will  be  mentioned  occaflonally. 

The  diviflons,  which  begin  from  the  upper  ring  of  the 
fcale-piece  of  the  eudiometer,  are  ufeful,  when  the  quantity 
of  elaftic  fluid  contained  in  it  is  fo  fmall  that  the  edge  of  the 
lower  brafs  ring  cannot  be  raifed  fo  high  as  to  coincide  with 
the  furface  of  the  water  within  the  tube,  on  account  of  th« 
fllk  loop;  in  which  cafe,  the  under  edge  of  the  upper  ring  is 
brought  to  that  point,  and  then  muft  be  obferved  which  of 
thofe  inverted  diviflons  coincides  vvith  the  firft  circular  divi- 
fion  upon  the  tube. 

If  it  be  afked,  why,  the  two  or  more  meafures  of  nitrous 
air  are  not  thrown  into  the  tube  all  at  once,  and  the  laft  di- 
minution noted  ? the  anfwer  is,  that  in  this  method  the 
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effects  of,fimi]ar  experiments  have  not  been  found  to  be  fo 
uniform  as  in  the  above-defcribed  way  of  proceeding. 

In  this  manner  the  air  of  one  time  or  place  is  compared 
with  that  of  another  time  or  place,  and  that  is  confidered  to 
be  the  pureft  of  the  two,  or  three,  or  more  different  kinds  of 
air,  which  is  diminifhed  the  mofl:  by  an  equal  and  fimilar 
mixture  of  nitrous  air.*  Thus,  fuppofe  that  the  air  of 
London,  taken  by  emptying  a bottle  of  water  out  of  a win^ 
dow,  and  treated  in  the  manner  above-defcribed,  gives  II,  I, 
2,13,  and  II,  II,  3,01,  and  that  the  air  of  Briftol,  taken  and 
treated  in  a like  manner,  gives  II,  I,  2,20,  and  II,  II,  3,30, 
we  conclude  that  the  air  of  London  is  purer  than  that  of 
Briftol. — And  fo  of  the  reft. 

In  this  operation  care  fhoud  be  taken  to  perform  the  ex- 
periments always  uniformly,  viz.  to  fhake  the  tube  immedi- 
ately after  the  nitrous  air  has  been  thrown  into  it ; to  leave 
it  afterwards  at  reft  always  for  the  fame  length  of  time,  &c. ; 
otherwife  the  refults  of  ftmilar  experiments  are  far  from  being 
alike.  It  is  alfo  neceffary  to  obferve,  that  by  holding  the 
meafure,  or  the  eudiometer- tube,  with  the  hand,  which  is  ge- 
nerally warmer  than  the  water  of  the  tub,  the  elaftic  fluid 
within  the  faid  meafure  or  tube  may  be  often  rarefied,  fo  as 
to  render  the  events  of  the  experiment  precarious,  for  which 
reafon  the  faid  inftruments  (hould  be  held  only  with  the  ex- 
tremities of  tlie  fingers  and  thumb ; and  before  the  door  of  the 
meafure  be  fhut,  or  the  point  of  the  fcale  upon  the  cudi- 

ometer-tube 
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ometer-tube  be  fixed,  thofe  inftruments  fiiould  be  left  a fliort 
time  by  themfelves,  keeping  the  hands  and  breath  fufficiently 
far  from  them. 

The  nitrous  air,  although  it  may  be  procured  from  various 
fubftances,  by  means  of  the  nitrous  acid,  yet  it  is  proper  for 
this  experiment  to  make  it  with  very  pure  quickfilver ; a 
quarter  of  an  ounce,  or  lefs,  of  which  metal,  with  about  an 
ounce  of  diluted  nitrous  acid,  will  produce  a vafl  quantity  of 
nitrous  air,  and  which  is  always  of  the  fame  quality,  provided 
the  quickfilver  is  always  pure ; whereas  with  other  metals,  as 
copper,  brafs,  &c.  the  nitrous  air  made  at  one  time  is  often 
different  from  that  made  at  another  time,  viz.  it  occafions  a 
greater  or  lefs  diminution  when  mixed  with  common  air  of 
precifely  the  fame  fort. 

This  method  the  reader  may  eafily  conceive  to  be  lefs  ex- 
ceptionable than  any  of  thofe  mentioned  above ; and  he  may 
reft  allured,  that  if  the  purity  of  the  fame  fort  of  air  be  ex- 
amined feveral  times  after  this  manner,  the  difference  between 
one  experiment  and  the  other  will  feldom  exceed  one  or  two 
hundredth  parts  of  a meafure  ; however,  that  the  ingenious 
experimentator  may  ftill  endeavour  to  contrive  fome  other 
method  of  performing  this  moft  ufeful  experiment,  without 
obliging  him  to  follow  the  methods  adopted  by  others,  I fhall 
here  fubjoin  the  moft  necelfary  particulars,  which,  as  far  as 
it  is  known  at  prefent,  are  necelfary  to  be  kept  in  view  con- 
cerning this  operation. 

I,  When  refpirable  air  is  mixed  with  nitrous  air,  their 
10  joint 
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joint  bulk  is  diminifhed,  and  the  diminution  is  greatei^ 
when  the  air  is  purer,  casteris  paribus^  and  contrarywife. 

II.  If  a quantity  of  nitrous  air  be  mixed  with  a quantity 
of  refpirable  air,  all  at  once,  the  diminution  enfuing  is  greater 
than  if  the  fame  quantity  of  nitrous  air  be  added  to  the  fame 
quantity  of  refpirable  air  at  different  times ; from  whence  it 
follows,  that  the  quicker  the  two  forts  of  elaftic  fluids  are 
mixed  together,  the  greater  is  the  diminution,  and  con- 
trarywife. 

III.  Nitrous  air  of  different  quality  oecaflons  a different 
degree  of  diminution  with  refpirable  air  ; hence  care  fhould 
be  taken  to  procure  it  from  fuch  materials  as  are  more  uni- 
form, and  confequently  afford  always  nitrous  air  of  the  fame 
(quality. — Quickfllver,  when  very  pure,  anfwers  exceedingly 
well  for  this  purpofe. 

IV.  The  quality  of  nitrous  air  is  impaired  by  keeping ; cfpe- 
cially  when  incontadl  with  water;  for  which  reafon  it  fhould  be 
made  anew  very  often,  as  every  other  day,  or  every  three  days. 

V.  In  performing  the  experiments  with  eudiometers,  it 
fhould  be  carefully  remarked,  that  no  miftake  arifes  from 
heat  and  cold ; for  the  elaftic  fluids  are  eaflly  contracted  and 
dilated  by  the  variation  of  temperature. 

VI.  Although  the  greateft  diminution  takes  place  immedi- 
ately after  mixing  the  refpirable  and  nitrous  air  together, 
efpecially  when  they  are  agitated,  yet  they  continue  to  dimi- 
nifh  a little  for  fome  time  after ; for  which  reafon  the  di- 
minution fhould  be  obfcrved  always  at  a certain  time  after 

mixing 
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mixing  the  two  elaftic  fluids ; and  indeed  it  is  abfolutely 
neceflary  to  perform  the  whole  procefs  always  in  a flmilar 
manner,  in  order  to  obtain  fuch  refults  as  may  be  depended 
upon. 

VI.  In  refpedt  to  the  meafure,  it^muft  be  remarked,  that 
the  furface  of  the  water,  which  lies  contiguous  to  the  furface 
of  elaftic  fluid  contained  in  a fmall  veflel,  is  very  far  from 
being  a flat  plane,  or  from  being  always  of  the  fame  figure 
even  in  the  fame  vefTel,  on  account  of  the  attradlion  or  re- 
pulfion  between  the  fubftance  of  the  veflel  and  the  water, 
which  is  altered  and  impeded  by  the  adhefion  of  extraneous 
bodies,  and  by  feveral  other  circumftances ; hence  it  is  very 
improper  to  ufe  common  open  glafs  phials  for  this  purpole. 
The  drops  of  water  adhering  to  the  fides  of  the  veflbl,  and 
the  quality  of  the  water  in  which  the  operation  is  per- 
formed, fliould  alfo  be  taken  into  confideration. 

VII,  In  cafe  this  experiment  was  to  be  performed  in  the 
courfe  of  fome  hours,  in  order  to  obferve  the  laft  total  dimi- 
nution, or  fomething  elfe  that  the  operator  may  choofe,  then 
it  will  be  proper  to  obferve  by  a good  barometer,  if  the  gra- 
vity of  the  atmofphere  has  fuffered  any  change  in  the  courfe 
of  the  experiment ; for  a remarkable  alteration  of  the  atmo- 
fphere’s  preflTure  may  occafion  fome  diflerence  in  the  refult 
of  the  experiments. 

VIIL  Laftly,  it  flaould  be  remarked,  that  in  this  fubjecft,  as 
well  as  in  any  other  mechanical  operation,  fimple  contrivan- 
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ces  fliould  always  be  preferred  to  more  complicated  ones ; 
even  when  the  latter  feem  to  have  fome  advantage  in  point 
of  accuracy  over  the  former,  provided  it  be  not  very  remark- 
able. Complex  inftruments  are  not  only  expenfive,  and 
fubjedl  to  be  eafily  put  out  of  order,  but  they  occafion  very 
frequent  miftakes,  on  account  that  the  operator  has  generally 
many  things  to  do,  and  to  keep  in  proper  order ; in  which 
cafes  it  is  more  eafy  to  overfee  or  miftake  fome  of  them. 

Wc  have  already  remarked,  that  if  a receiver,  inverted  in 
water  or  other  viiible  fluid,  is  partly  filled  with  that  fluid  and 
partly  with  air  or  other  elaftic  fluid,  the  fpace  occupied  by 
that  elaftic  fluid  is  not  the  fame  as  it  would  be  in  the  open 
'air,  viz.  where  it  is  only  ailed  upon  by  the  ufual  preflure  of 
the  atmofphere  ; for  example,  if  a cubic  inch  of  air,  taken  near 
the  apparatus  where  the  experiment  is  to  be  performed,  is 
introduced  into  a long  tube  previoufly  filled  with  and  in- 
verted in  water,  fo  that  the  furface  of  the  water  within  the 
tube  may  be  about  twenty  inches  above  the  furface  of  the 
water  in  the  bafin,  then  by  accurate  gauging,  that  quantity 
of  air  will  be  found  to  occupy  a greater  fpace  than  one  cubic 
inch,  becaufe  the  preflfure  of  the  atmofphere,  which  keeps 
that  quantity  of  air  comprefTed,  is,  in  this  cafe,  partly  coun- 
teraded  by  the  weight  of  the  pillar  of  water  in  the  tube.  If, 
inftead  of  water,  the  experiment  be  tried  in  quickfilver,  vvhich 
is  fo  much  heavier  than  water,  the  difference  between  the 
real  and  apparent  fpace  occupied  by  a quantity  of  elaftic 
7 fluid, 
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fluid,  8cc.  is  very  conflderable.  In  order  to  avoid  the  error 
arifing  from  this  principle,  which  is  exceedingly  neceflary 
in  performing  experiments  of  this  fort ; the  mofi;  expeditious 
method  is  to  bring  the  receiver  fo  low  into  the  water  or 
quicklilver,  that  'the  furface  of  the  water  or  quickfilver  with- 
in the  receiver  may  be  even  with  the  furface  of  the  water  or 
quickfilver  in  the  tub.  But  this  method  is  fometimes  im- 
pradicable,  efpecially  with  quickfilver,  in  which  cafe  the 
above-mentioned  error  being  more  conflderable,  it  is  more 
neceffary  to  be  corrected  ; becaufe,  when  the  pillar  of  mer- 
cury, or  of  water,  in  the  tube,  is  longer  than  the  depth  of  the 
fame  fluid  in  the  tub,  their  furfaces,  it  is  evident,  cannot 
be  brought  to  coincide  with  each  other ; in  this  cafe,  we 
mufl:  have  recourfe  to  calculation,  in  order  to  deduce  the  real 
quantity  of  elaflic  fiuid^  from  the  appareftt  fpace  it  occupies  in  a 
receiver^  which  is  filed  partly  with  it  and  partly  with  water  or 
other  vifble  fluid. 

For  this  purpofe,  it  mufl  be  remembered  what  was  ob- 
ferved  above,  viz.  that  the  fpaces  into  which  air  or  other  elaf- 
tic  fluid  is  contradled,  are  to  one  another  in  the  inverfe  ratio 
of  the  prefTures  which  confine  thofe  elaflic  fluids ; confe- 
quently  the  fpace  occupied  by  a quantity  of  elaflic  fluid 
A B,  fig.  6.  Plate  III.  confined  in  the  tube  A C,  invert- 
ed in  quickfilver,  and  filled  with  quickfilver  as  far  as  B, 
is  to  the  fpace  which  the  fame  quantity  of  elaflic  fluid  occu- 
pies out  of  the  tube,  as  the  preffiire  which  ads  upon  it  when 
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out  of  the  tube,  to  the  prefTure  which  ad:s  upon  it  when 
in  the  tube  ; that  is,  as  the  height  of  the  barometer  to 
the  fame  height  of  the  barometer,  lefs  the  perpendicular 
height  B C of  the  quickiilver  in  the  tube.  Thus  fuppofe 
that  the  length  A B of  the  tube,  occupied  by  an  elaftic 
fluid,  is  3 inches,  and  that  the  length  B C,  filled  with 
quickfilver,  is  20  inches  ; it  is  required  to  determine  the 
length  of  the  fame  tube,  which  the  fame  quantity  of  elaftic 
fluid  would  occupy,  if  the  furface  of  the  quickfilver  in  the 
bafin  was  brought  even  with  B *,  viz.  if  the  faid  elaftic  fluid 
was  only  acfted  upon  by  the  preflurc  of  the  atmofphere. — 
Firft  obferve  the  height  of  the  barometer  at  that  time,  which 
fuppofe  to  be  30  inches then  fay,  as  the  height  of  the  baro~ 
meter  is  to  the  fame  height,  lefs  the  height  C B of  the  quickfil- 
ver in  the  inverted  tube  A B,  fo  is  the  fpace  A B to  the  real 

fpace  required  ; that  is  30  : 30 — 20  1:3:  30"^^  = i : fo 

that  one  inch  is  the  length  of  the  tube  A C,  which  the 
quantity  of  elaftic  fluid  A B would  occupy,  if  the  furface  B 
of  the  quickfilver  in  it,  was  brought  even  with  that  of  the 
quickfilver  in  the  bafin. 

N.  B.  The  tube  A C is  fuppofed  to  be  perfectly  cy- 
lindrical, otherwife  the  calculation  muft  be  adapted  to 
the  form  of  the  veftTel,  and  then  it  would  become  verjr 
intricate. 

As  this  eafy  calculation  is  neoeflary  for  the  right  perform- 
ance of  feveral  experiments,  I fhall  here  exprefs  it  in  a man- 
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ner  ftill  more  eafy  and  familiar,  for  the  fake  of  thofe  readers 
who  are  very  little  acquainted  with  arithmetic, 

PROBLEM. 

A cylindrical  glafs  tube  A C,  fig.  6.  Plate  III.  clofed  at 
A,  and  inverted  in  quickfilver,  is  filled  with  quickfilver  as 
far  as  B,  fo  that  the  perpendicular  height  B C,  is  equal  to  8 
inches;  the  remaining  fpace  A B,  (equal  to  7 inches)  con- 
tains elaftic  fluid.  It  is  required  to  know  the  length  A B 
of  the  tube,  in  which  the  elaftic  fluid  would  be  confined, 
if  the  tube  was  put  into  the  quickfilver  fo  low,  as  that  the 
furface  B of  the  quickfilver  in  it,  might  coincide  with  the 
furface  of  the  quickfilver  in  the  bafin  ; given  the  barome- 
trical height  at  that  time  (28  inches.) 

R U L E,. 

Subtradl  the  height  B C (8)  from  the  given  barometrical  - 
height  (28);  multiply  the  remainder  (20)  by  A B (7)  ; di- 
vide the  produdl  (140)  by  the  barometrical  height  (28),  and. 
the  quotient  (5)  is  the  anfwer  required. 

If  the  experiment  be  made  in  water  inftead  of  quickfilver, 
the  calculation  is  the  fame,  excepting  only,  that  inftead  of 
28  inches,  which  is  the  height  of  the  mercurial  barometer, 
we  muft  take  14  times  28,  which  would  be  the  height  of  a 

water 
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water  barometer,  for  water  is  about  14  times  lighter  than 
qiiickblver. 

The  inverfe  of  this  problem,  viz.  from  the  given  real 
quantity  of  elaftic  fluid,  and  given  height  of  the  quickfllver 
B C in  the  tube,  to  find  the  apparent  length  A B;  is  nei- 
ther of  great  ufe  nor  fo  eafily  performed  ; I (hall  however 
fubjoin  it  in  the  note,  for  the  fake  of  thofe  readers,  vviio 
are  convcrfant  with  algebraical  calculations 

In  order  to  avoid  the  continual  trouble  of  calculating,  8cc. 
J have  here  fubjoined  a table,  by  which  the  real  quantity  of 
elafiic  fluid  contained  in  an  inverted  tube,  partly  filled  with 

* Let  a glafs  tube,  30  inches  {a)  long,  be  filled  with  quickfilver,  excepting 
8 incites  {b)\  and  let  it  be  inverted  in  a bafin  containing  allb  quickfilver,  fo 
that  the  8 inches  of  common  air  may  rife  to  the  top  : It  is  required  to  find  at 
what  height  the  quickfilver  will  remain  fufpended ; the  barometrical  height  be- 
ing at  that  time  28  inches  ijt). 

In  this  experiment,  the  quickfilver  that  remains  fufpended  in  the  tube,  to- 
gether with  the  elaftic  force  of  the  air  in  the  top  of  it,  being  a counterbalance  to 
the  preflure  of  the  atmofphere,  may  be  expreffed  by  the  height  of  the  baro- 
meter id). 

Put  a for  the  inches  of  mercury  in  the  tube,  then  the  fpace  occupied  by  the 
air  in  the  top  of  it,  is  a — x It  occupied  formerly  b inches,  and  its  elaftic  force, 
or  barometrical  height,  was  d inches  ; therefore  the  force  now  muft  be 

b d : inches.  Therefore  This  equation  reduced, 

and  putting  n-]-d  — im,  produces  x* — 1 mx  — hd — ad  \ which  equation  refolved 
gives  X — ±.  V yn'-^-bd — ad  — 44,  or  14.  But  one  of  the  roots  44  is  impofli- 

ble  to  be  true,  for  the  quickfllver  is  never  fufpended  fo  high,  even  in  a cube  ex- 
haufted  of  air  •,  therefore  the  other  root  14  is  the  true  anfwer. 


it 


Space  occupied  by  the  Mercury 


[To  face  Page  358.] 


Space  occupied  by  the  Elafiic  Fluid. 


and  the  Defer iption  of  the  Apparatus^  359 

it  and  partly  with  quickfilver,  may  be  found  by  infpedlion, 
when  the  apparent  place  A B,  fig.  6.  Plate  III.  occupied 
by  the  elaftic  fluid,  and  the  height  of  the  quickfilver  B C, 
are  known.  Thus  fuppofe  that  the  fpace  A B is  10  inches, 
and  B C is  8;  find  the  number  10  in  the  upper  row'  of  num- 
bers in  the  table,  and  defeending  along  that  column,  which 
is  immediately  under  it,  flop  when  you  come  juft  op- 
pofite  to  No.  8,  in  the  firft  lateral  row  of  numbers,  and  in 
that  corner  you  will  find  the  anfwer,  viz.  7 inches  and  29 
hundredths  ot  an  inch. 

N.  B.  This  table  is  calculated  upon  a mean  barometrical 
height,  i.  e.  29  l inches  ; hence  it  cannot  be  ufeful  at  all 
times,  for  very  accurate  experiments ; in  which  cafes  recourfe- 
muft  be  had  to  the  above-mentioned  calculation^ 
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VII. 


PraBical  rules  concerning  the  ufe  of  the  apparatus.^  and  the 

performing  of  experiments. 

IN  performing  experiments  relative  to  this  branch  of  phi- 
lofophy,  in  which  acids,  alkalies,  fire,  metals,  noxious 
fluids,  &c.  are  to  be  continually  ufed  ; it  is  natural  to  fuppofe, 
that  the  greatefl:  pofTible  precaution  is  neceflary,  in  order  to 
avoid  miftakes  and  damages  \ for  which  reafon  it  feems 
proper  to  collect  into  this  chapter,  fome  general  rules,  and 
to  point  out  thofe  cafes  and  operations  in  which  the  unex- 
perienced beginner  may  be  more  liable  to  err.  Experiments 
relating  to  other  fubjedts,  as  optics,  electricity,  &c.  although 
liable  to  be  miftaken,  yet  can  fcldom  produce  any  dangerous 
efleCt;  but  the  errors  which  happen  in  performing  experi- 
ments on  the  fubjeCt  of  this  work,  may  be  productive  of  the 
mofl  ferious  confequences. 

Care  fliould  be  had  to  keep  the  mineral  acids  in  thofe 
places  in  which  the  bottles  containing  them  are  lefs  fubjeCt 
to  be  broken,  and  if  broken,  may  occafion  the  leaffc  damage 
poiTible.  The  beft  method  is,  to  keep  thofe  bottles  infmall 
bafins  of  white  earthen  ware.  Without  being  obliged  to 
handle  continually  a large  bottle  of  acid,  it  is  very  convenient 
to  have  fmall  bottles  filled  with  the  different  acids,  which  are 
more  eafily  managed,  and  when  empty  may  be  filled  again 

out 


and  the  Defcription  of  the  Apparatits^^  ^c.  361 

out  of  the  large  ones.  In  pouring  out  the  acid,  the  laft  drop 
which  remains  upon  the  edge  of  the  phial  fhould  either  be 
prevented  from  running  down,  by  a little  attention,  or  it 
(liould  be  wiped  off ; otherwife,  when  the  hand  is  applied' 
again  to  the  fame  bottle,  the  acid  will  adhere  to  the 
fkin,  &c. 

V/hen  glafs  veffels  are  filled  with  water,  in  order  to  fill 
them  afterwards  wdth  fome  elaflic  fluid,  it  is  neceffary  to  al- 
low a little  time  for  the  fmall  bubbles  of  air  to  afcend  to  the 
top  of  the  water  and  to  break,  before  the  veflel  be  inverted ; 
otherwife,  if  the  veffel  be  inverted  immediately  after  being 
filled  with  water,  thofe  minute  bubbles  will  gradually  colled; 
together,  fo  as  to  form  a confiderable  quantity  of  air  at  the 
top  of  the  veffel,  which,  mixing  with  the  elaflic  fluid  that  is 
afterwards  introduced,  may  render  the  refult  of  fome  experi- 
ments precarious. — This  caution  is  highly  neceffary  when 
experiments  are  performed  with  eudiometers. 

When  the  materials  which  are  to  produce  any  elaflic  fluid 
are  put  into  the  proper  phial,  with  the  crooked  tube,  as  de- 
fcribed  in  the  preceding  pages,  part  of  the  phial  remains  filled 
with  common  air  ; hence  the  firfl  quantity  of  faditious 
elaflic  fluid,  which  comes  out  of  the  faid  phial  through  its 
tube,  is  mixed  with  that  common  air ; for  which  reafon  it  muft 
not  be  received  into  the  veffel  filled  with  and  inverted  in 
the  water  for  that  purpofe  : but  as  it  is  difficult  to  judge  of 
the  quantity  of  elaflic  fluid  which  comes  out  of  the  crooked 
tube  of  the  phial,  and  confequently  fometimes  more  than 
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necefTary  may  be  wafted  ; the  moft  proper  method  is,  to  receive 
the  firft  produce  of  elaftic  fluid  in  a fmall  inverted  receiver,, 
merely  to  judge  of  its  quantity;  which,  as  foon  as  it  feems  to 
be  equivalent  to  the  fpace  left  filled  with  air  in  the  phial, 
may  be  thrown  away,  by  turning  that  fmall  receiver  with  the 
mouth  upwards;  and  at  the  fame  time  the  mouth  of  the 
bent  tube  of  the  phial  is  brought  under  the  large  inverted 
receiver,  into  which  the  elaftic  fluid,  &c.  is  deflgned  to  be 
received. 

As  it  is  often  necefTary  to  apply  the  flame  of  a candle,  or 
a fmall  pan  with  charcoal,  under  the  phials  that  contain  the 
materials  which  are  to  produce  the  elaftic  fluids,  the  experi- 
mentator  fhould  remember,  that  when  the  operation  is  required 
to  be  difeontinued,  it  is  necefTary  to  remove  firft  the  extremity' 
of  the  bent  tube  from  the  water  or  quickfllver,  and  then  to 
remove  the  candle  or  fire  from  under  the  phial;  for  if  the 
candle  is  taken  away  whilft  the  end  of  the  tube  is  ftill  under 
water,  the  water  will  immediately  rufh  into  the  phial,  and> 
generally  break  it. 

Thofe  phials,  containing  the  effervefeing  materials  for  the 
production  of  elaftic  fluids,  fometimes  are  broken  whilft  they 
are*  in  ufe,  and  in  that  cafe  the  contents  are  fcattered 
about  the  floor,  and  other  bodies  near;  for  which  reafon 
it  is  advifible  to  keep  a bafin  upon  the  floor,  juft  under 
thofe  phials,  whilft  they  are  in  aCtual  ufe. 

After  making  nitrous  air,  the  folution  of  quickfllver  (in 
cafe  that  metal  be  ufed)  in  nitrous  acid,  inftead  of  being 
r thrown 
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thrown  away,  may  be  put  in  a particular  velTel,  where  a con- 
fiderable  quantity  of  it  being  accumulated,  the  quicklilver 
may  be  obtained  again  from  it,  by  diftillation  made  in  a 
proper  manner. 

The  room  wherein  thofe  experiments  are  performed  (hould 
have  windows  eafy  to  be  opened  ; for  fometimes  receivers, 
containing  noxious  elaftic  fluids,  are  overturned  or  broken,  in 
which  cafe  thofe  elaftic  fluids  infecft  the  air  of  the  room,  and 
are  pernicious  to  the  health  of  the  operator,  if  they  are  not 
quickly  expelled  by  ventilation. 

When  a receiver  containing  fome  elaftic  fluid  is  inverted  in 
quickfllver,  arid  is  required  to  be  tranfported  into  the  tub 
of  water  ; it  muft  be  firft  put  into  a fmall  cup  or  bafin  full 
of  quickfllver,  and  then,  being  removed  from  the  box  of 
quickfllver  and  tranfported  into  the  tub  of  water,  the  whole 
cup,  together  with  the  lower  part  of  the  receiver,  muft  be 
plunged  into  the  water,  wherein  the  receiver  being  kept 
fteady,  the  cup  is  flipped  from  under  it,  &c. — In  this  opera- 
tion it  often  happens  that  fome  quickfllver  falls  to  the  bot- 
tom of  the  water-tub.  This  is  of  no  confequence  whatever ; 
for  the  quickfllver  is  recovered  the  flrft  time  that  the  water 
of  the  tub  is  changed.  The  difliculty  conflfts  in  tranfport- 
ingthe  elaftic  fluid,  contained  in  a receiver  inverted  in  water, 
from  the  water  tub  into  the  box  or  bafln  of  quickfllver. 
For  this  purpofe,  the  elaftic  fluid  muft  be  put  firft  into  a 
receiver  of  fuch  flze  as  may  be  entirely  filled  by  it,  fo  that 
hardly  any  water  remains  in  it  ; fecondly,  this  receiver 
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muft  be  put  into  a cup  or  fmall  bafin  full  of  water,  and 
thus  mufl  be  tranfported  into  the  quicklilvcr  box,  after 
the  above-mentioned  manner  of  tranfporting  the  receiver 
from  the  quickfilver  into  the  water-tub;  but  when  the 
receiver  has  been  thus  brought  into  the  quickfilver,  a fmall 
quantity  of  water  always  remains  in  it,  which  muft  be  re- 
moved, otherwife  the  purpofe  of  doing  this  operation 
would  not  be  anfwered,  as  its  intention  is  to  remove  that 
elaftic  fluid  from  the  contaeft  of  water.  In  order  to  that, 
fill  another  dry  receiver  with,  and  invert  it  in  quickfilver,  to 
the  mouth  of  wjiich  adapt  a doubled  linen  rag,  which 
with  the  fingers  of  one  hand  muft  be  kept  fo  as  to  be  concave 
towards  the  cavity  of  the  receiver  ; then  the  other  receiver, 
containing  the  elaftic  fluid,  muft  be  inclined,  fo  that  the  con- 
tained elaftic  fluid  coming  out  of  it,  may  pafs  into  the 
other  receiver  through  the  linen  rag,  which  muft  be  pre- 
vioufly  pierced  with  feveral  holes  as  big  as  a crow-quilL 
In  this  manner  the  elaftic  fluid  paflTes  into  the  other  receiver 
pretty  free  from  the  water,  which  will  be  imbibed  by  the 
rag.  The  difficulty  of  this  operation  can  hardly  be  ima- 
gined by  thofe  who  have  never  tried  it  ; the  weight  of  the 
quickfilver,  the  fize  of  its  bafin  or  box,  which  is  generally 
fmall,  and  feveral  other  circumftances,  offer  obftacles,  which 
cannot  be  overcome  without  great  practice. 

There  are  feveral  other  precautions,  and  methods  of  ope- 
rating, which  might  be  mentioned,  for  the  inftrud:ion  of  the 
unexperienced  beginner ; but  this  feems  rather  needlefs,  fince 
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pradice  will  ealily  fuggeft  them;  I fhall  therefore  conclude 
this  Part  of  my  work,  with  only  reminding  my  reader,  who  is 
delirous  to  perform  the  experiments  here  mentioned,  that  in 
the  beginning  he  will  hardly  fucceed,  even  in  the  eaiiefl:  ope- 
rations, but  that  gradually  he  will  become  more  expert,  and, 
as  it  may  be  faid,  fuccefsful ; for  which  reafon  he  fliould  not 
condemn  fome  of  the  experiments,  hereafter  to  be  mentioned, 
as  falfe,  becaufe  they  do  not  fucceed  with  him  exadlly  as 
they  are  defcribed  ; but  he  fhould  defer  his  judgment  till 
after  feveral  repeated  trials,  and  even  after  confulting  thofe 
perfons,  who,  being  acquainted  with  the  fubjedl,  may  either 
point  out  the  caufe  of  his  miftake,  or  fuggeft  to  him  fome  new 
way  of  trying  the  queftioned  fad. 
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PART  III. 


Of  the  Nature  and  Properties  of  Air,  and  other 
permanently  elaflic  Fluids, 


IN  the  preceding  Part  we  treated  of  the  more  general  pro- 
perties of  air,  and  other  permanently  elaflic  fluids,  and 
alfo  defcribed  the  apparatus,  which,  in  the  prefent  ad- 
vanced flate  of  the  fubjedt,  is  neceflary  to  perform  experi- 
ments thereon,  together  with  the  principles  upon  which  it 
depends.  This  difpofltion  has  been  intended  to  anfwer  two 
purpofes;  to  wit,  that  of  rendering  the  prefent  Part  more 
fuccind:  and  perfpicuous;  and  that  of  inflruding  the  beginners 
in  the  more  elementary  parts  of  the  fubjed,  before  they  enter 
into  the  more  abftrufe  invefligations  of  its  objeds ; whilft,  at 
the  fame  time,  thofe  who  are  previoufly  acquainted  with  the 
principles,  will  not  be  obliged  to  read  them  over  again  ; as  it 
would  be  neceflary,  in  cafe  they  were  intermixed  together  with 
the  other  properties  of  elaflic  fluids. 
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My  reader,  therefore,  v^^hom  I muft  fuppofe  already  ac- 
quainted with  the  fubjed  of  the  preceding  Part;  muft  not 
exped  to  find  in  the  following  pages  a minute  detail  of  the 
experiments  neceffary  to  prove  the  properties  that  are  to  be 
mentioned  ; it  will  be  fufficient,  for  inftance,  to  fay,  that 
fuch  a mixture  of  elaftic  fluids  is  inflammable  or  not  in- 
flammable, without  defcribing  the  manner  of  inflaming  it; 
that  fuch  materials  put  together  will  produce  a particular 
fort  of  elaftic  fluids,  without  adding  that  they  muft  be  intro- 
duced into  a phial  with  a bent  tube,  &c. : for  thefe  operations 
have  already  been  defcribed  under  general  and  diftind  heads. 
There  are,  indeed,  many  experiments  which  muft  be  con- 
duded  in  a manner  difterent  from  the  general  way  of  ope- 
rating, and  feveral  operations  which  are  not  comprehended 
amongft  thofe  already  defcribed;  but  thefe  will  be  particu- 
larly mentioned  in  proper  places. 


CHAP.  I. 

Of  the  nature  and  properties  of  air^ 

TH  E invifible  elaftic  fluid,  which  encompaflTeth  the 
earth,  and  is  commonly  called  Air ^ in  its  ufual  ftate 
is  combined  with  innumerable  fubftances,  which  are  foreign 
to  its  conftitution  ; for  when  deprived  of  thofe  extraneous 
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bodies,  it  is  ftill  elaflic  air,  fit  for  the  various  procefles  to 
which  it  is  neceflarily  fubfervient.  Water  and  fome  faline 
bodies  are  the  vifible  fubftances  that  are  mixed  with  the  air  of 
almoft  every  place  about  the  earth,  viz.  they  are  vifible  when 
feparated  from  the  air ; but  in  particular  fituations  the  air  is 
impregnated  with  various  other  bodies,  as  fulphur,  putrid 
effluvia,  and  the  like,  which  are  the  emanations  of  particu- 
lar foils,  of  vulcanos,  putrid  marfhes,  &c.  Earthy  particles, 
alfo,  may  be  faid  to  be  fometimes  combined  with  air  ; or  at 
leaft  they  float  in  it,  fo  as  to  be  kept  up  for  a confiderable 
time,  and  fo  fubdivided  as  to  be  invifible.  Indeed  there  are 
feveral  bodies,  of  which  it  is  difficult  to  fay  whether  they  are 
really  combined  with  the  aereal  particles,  or  are  merely  fuf- 
pended  in  that  fluid,  in  confequence  of  their  being  of  the 
fame  fpecific  gravity  *. 

It  is  certain  that  water  is  chymically  combined  with  air.  ‘ 
Its  prefence  in  that  elaflic  fluid  is  manifefted  by  the  drops  of 
water,  which  adhere  to  the  outfide  furface  of  vefTcls  contain- 
ing any  fubftance  confiderably  colder  than  the  circumam- 
bient air ; by  the  deliquefcence  of  feveral  dry  falts ; by  the 
water  which  oil  of  vitriol  and  various  falts  imbibe  when  expofed 
to  the  open  air ; and  by  thofe  inftruments  called  hygrometers^  or 

* The  difference  between  combination  and  fufpenfion  of  one  fubftance  in 
another,  is,  that  in  the  former,  tlie  particles  of  the  bodies  attradl:  each  other,  in 
virtue  of  which  attraction,  even  bodies  of  different  fpecific  gravities,  as  water  and 
vitriolic  acid,  are  intimately  incorporated  with  each  other;  but  in  the  latter  the 
fufpenfion  or  mixture  is  merely  mechanical. 
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hygrofcopesy  which  are  purpofely  made  to  (hew  the  degree  of 
moifture  of  the  atmofphere  f ; and  by  various  other  means. 

That  thofe  two  bodies,  viz.  water  and  air,  do  really  combine 
with  each  other,  is  eafily  deduced  from  the  following  conh- 
derations: — Water  is  kept  in  the  ftate  of  vapour,  or  of  an 
elaftic  fluid,  by  a degree  of  heat  equivalent  to  the  212th  of 
Farenheit^s  thermometer. — In  a temperature  colder  than 
that,  the  vapour  becomes  again  water;  from  whence  it  Teems 
to  follow’,  that  whenever  w^ater  evaporates,  or  is  fufpended  in 

■f  It  is  a vulgar  error  to  fuppofe  that  hygrometers  fhew  the  quantity  of  water 
combined  with  the  air  •,  for  they  indicate  only  the  quantity  of  water  which  can- 
not be  combined  with  the  air;  or  (in  chymical  phrafeology)  that  quantity  of 
water  which  is  precipitated  from  the  air.  Thus,  for  inftance,  if  a certain  quan- 
tity of  water  is  combined  with  a quantity  of  air,  whatever  their  proportion  may 
be,  the  hygrometers  expofed  to  it  are  not  in  the  leafl  affedted  by  that  quantity  of 
water ; but  if  by  the  accefTion  of  cold,  or  by  other  means,  the  water  is  feparated 
from  the  air,  then  the  hygrometer  is  affedted  by  it,  and  the  degree  of  moifture  it 
indicates,  is  in  proportion  to  the  quantity  of  water  that  is  feparated  from  the  air 
in  a given  time  ; hence,  when  the  hygrometer  indicates  wrj  dry,  it  does  not  fol- 
low that  there  is  no  water,  or  very  little  of  it,  mixed  with  the  air ; but  that 
the  water,  whatever  its  quantity  may  be,  is  fo  well  combined  with  the  air,  that 
none  of  it  is  adlually  feparated  from  that  permanently  elaftic  fluid.  This  truth 
may  be  clearly  proved,  by  the  following  eafy  experiment : — Introduce  an  hy- 
grometer of  any  conftrudlion,  provided  it  be  pretty  fenfible,  into  a large  glafs 
, bottle,  containing  only  common  air,  which  bottle  let  be  flopped,  fo  that  the 
outward  air  may  not  communicate  with  the  air  within  it.  Then  let  the  bottle 
be  brought  into  a cold  place,  or  let  any  freezing  mi;xture  be  put  round  it,  and 
you  will  perceive,  that  on  the  accefllon  of  cold,  the  index  of  the  hygrometer  im- 
mediately moves  towards  r4oiJl,  becaufe  cold  air  cannot  keep  as  much  water  dif- 
folved  as  when  it  is  hot ; but  if  then  the  apparatus,  being  removed  from  the  cold, 
be  brought  in  a warmer  place,  the  index  of  the  hygrometer  will  move  towards 
dry, 
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air,  their  temperature  being  lefs  than  the  212th  degree  of 
Farenheit’s  thermometer,  it  muft  be  evaporated  or  fuf- 
pended,  by  virtue  of  their  mutual  attradlion  ; viz.  muft  be 
combined  tosether. 

O 

Heat,  which  increafes  the  repulfton  between  the  particles 
of  water  and  of  air,  increafes  their  mutual  attradlion  ; thus 
hot  air  keeps  diftblved  more  water  than  when  cold  ; and  if 
hot  air  be  cooled,  it  depoftts,  as  we  obferved  in  the  preced- 
ing note,  fome  of  the  water  which  it  kept  diftblved ; the  parts 
of  which  water,  uniting  with  each  other,  form  an  aggregate  of 
viftble  corpufcles  or  clouds,  v/hich  are  not  combined,  but 
float  in  the  air,  and  do  not  fall  from  it  till  they  are  formed 
into  more  compadl  and  heavier  parcels,  called  drops.  It  is 
difflcult  to  comprehend  how  the  particles  of  water,  which 
are  colleded  together  becaufe  the  air  cannot  keep  them  dif- 
folved,  fliould  want  power  to  colled  themfelves  into  heavy 
drops  and  fall  downwards,  rather  than  remain  fufpended,  for  a 
conflderable  time,  in  the  form  of  vapour  or  clouds,  in  thofe 
regions  of  the  atmofphere,  which,  rather  than  being  very  hot, 
are  generally  colder  than  the  furface  of  the  earth.  It  feems 
as  if  the  particles  of  water  in  that  ftate,  were,  aduated  by  two 
powers;  to  wit,  their  own  attradlion  towards  each  other,  and 
fome  other  power,  which  prevented  their  coming  fo  near  as  to 
be  formed  into  water ; but  what  that  other  power  is,  and 
how  it  ads,  is  ftill  a myftery.  If  eledricity  was  known  to 
be  the  conftant  attendant  of  clouds  and  fogs,  perhaps  a very 
probable  hypothefls  might,  in  that  cafe,  be  formed;  but  flnee 

3 B 2 the 


372  Of  the  Nature  and  Properties  of  Air, 

the  atmofpherico-eledrical  experiments,  hitherto  made,  don’t 
fliew  the  certainty  of  the  fad;  this  interefling  point  of  me- 
teorology cannot  at  prefent  be  explained  upon  eledrical 
principles. 

In  the  greatefl:  degree  of  natural  or  artificial  cold  that  has 
been  ever  tried,  particles  of  water  may  be  feparated  from  the 
air,  either  by  the  application  of  a greater  degree  of  cold,  or  by 
expofing  to  it  thofe  fubftances,  which  abforb  the  aqueous 
particles  very  readily;  hence  we  deduce,  that  fome  quantity 
of  water  is  always  combined  with  air,  and  w^e  are  not  acquainted 
with  any  means  by  which  a quantity  of  air  may  be  deprived 
of  all  the  aqueous  particles  that  are  combined  with  it. 

The  quantity  of  water  kept  diffolved  by  a given  quantity  of 
air  of  a certain  temperature,  I do  not  find  that  it  has  been  yet 
determined  ; nor  does  it  feem  very  eafy  to  be  afcertained  ; 
fince  not  only  dificrent  degrees  of  heat,  but  alfo  different  de- 
grees of  preffure,  and  probably  fome  other  caufes,  concur  to 
alter  it ; befides  our  prefent  ignorance  of  a method  of  de- 
priving air  intirely  of  the  water  it  contains,  and  oi  difiinguifh- 
ing  when  it  is  in  that  ftate. 

The  fmall  quantity  of  faline  matter,  which  may  be  obtained 
by  evaporating  rain-water,  or  which  adheres  to  fome  bodies  ex- 
pofed  to  the  air  for  a longtime,  may  perhaps  be  raifed  into  the 
atmofphere  together  with  the  vapours  ; or  it  may  be  attributed 
to  the  particles  of  earth  that  continually  float  in  the  air ; or 
may  even  be  raifed  by  themfelves,  in  cafe  of  agitation,  heat,  or 
mutual  attradlion  v/ith  the  particles  of  air.  Their  ufual 
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quantity  is  very  fmall,  and  the  experiments,  hitherto'  made, 
have  not  yet  afcertained  any  thing  relating  to  their  origin  and 
ftate  of  exiftence. 

As  for  the  fulphurous  vapours,  particular  faline  bodies,  putrid 
and  other  effluvia,  that  are  often  mixed  with  the  air,  they 
are  certainly  accidentaL  They  owe  their  origin  to  particular 
ftates  of  the  earth,  and,  according  to  their  different  natures, 
alter  the  effedl;  of  the  air  in  thofe  proceffes  in  which  it  is 
moft  effentially  ufed.  T.  hus,  from  being  inlipid,  and  inodo- 
rous, it  becomes  naufeous  and  difagreeable  by  fulphurous 
emanations ; it  becomes  poifonous  by  the  fumes  of  arfenic ; it 
becomes  peftilential  by  putrid  effluvia,  &c.  Thofe  foreign 
fubflances,  which,  by  mixing  with  the  air,  thus  alter  its 
effecSts  upon  animal  and  other  bodies,  fometimes  are  of  fuch 
nature,  that  they  will  foon  fublide,  like  dull:,  and  leave  the  air 
as  pure  as  before  ; whilft  others  are  not  fo  fiightly  mixed  with 
it  as  to  be  afterwards  feparated  very  eaffly  ; but  either  continue 
always  in  their  mixt  ftate  with  the  air,  or  abandon  it  after 
a very  long  time. 

The  invilible  fubftance,  which  combines  with  air  more 
eafily,  and  by  its  combination  alters  remarkably  the  nature 
of  that  elaftic  fluid,  is  the  inflammable  principle  or  phlo- 
gifton.  In  all  thofe  proceffes  called  phlogiftic,  in  which  the 
inflammable  principle  efcapes  from  bodies,  as  in  refpiration, 
combuftion,  putrefa<ftion,  diflblution,  &c.  (excepting  when 
the  phlogifton,  feparated  from  one  body,  is  forced  into  fome 
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'Other  bodies,  in  places  defended  from  the  air,  as  in  the  re- 
■du6tion  of  metallic  calxes)  the  air  does  readily  combine  with 
it,  and  thence  becomes  phlogifticated.  In  iliort,  the  air  aflifts 
refpiration,  combuftion,  and  other  phlogiftic  procefies,  info- 
much  as  it  readily  unites  with  the  inflammable  principle, 
difcharged  in  fuch  procefles.  But  this  combination  is  limited; 
for  according  as  more  and  more  phlogifton  is  combined  with 
the  air,  its  capacity  of  abforbing  more  phlogifton  decreafes, 
and  at  laft  ceafes;  in  which  ftate  the  air  is  faid  to  be  com- 
pleatly  phlogifticated^  viz.  to  have  acquired  as  much  phlogifton 
as  is  it  poflibly  can;  and  then  it  becomes  quite  unfit  for 
refpiration,  combuftion,  or,  in  fhort,  for  any  phlogiftic 
procefs. 

If  no  other  fort  of  air  purer  than  common  atmofpheric  air 
had  been  known,  we  might  probably  confider  the  air  of  fome 
uninhabited  countries,  or  at  the  tops  of  fome  mountains,  as 
containing  little  or  no  phlogifton ; but  the  difcovery  of  a fort 
of  permanently  elaftic  fluid,  commonly  called  dephlogifticated 
air,  which  is  incomparably  fuperior  to  common  air,  in  refpedt 
to  its  affifting  refpiration,  combuftion,  and  any  other  phlo- 
giftic procefs,  fhews,  that  the  atmofpheric  air,  even  the  pureft 
that  can  be  found,  contains  a conflderable  fhare  of  phlo- 
gifton ; viz.  is  in  great  meafure  phlogifticated. 

It  may  therefore  be  concluded,  that  every  portion  of  at- 
mofpheric air,  that  falls  under  our  obfervation,  is  not  a pure 
homogeneous  body,  but  that  it  is  certainly  combined  with 
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phlogifton  and  water,  befides  the  poflibility,  and,  as  will 
appear  by  the  following  pages,  the  ftrong  probability,  of  its 
containing  feveral  other  bodies. 

That  the  air,  which  is  impregnated  with  watery  particles,, 
fhould  be  dill  fit  for  refpiration,  combuflion,  &c.  whereas  if 
impregnated  with  phlogifton,  it  becomes  incapable  to  aftift 
thofe  procefles  \ and  that  phlogifticated  air  fhould  be  fit  to 
aftift  the  evaporation  of  water,  feems  myfterious  to  fome 
perfons;  but  the  difficulty  will  foon  vanifti,  if  it  be  confidered, 
that  the  air  is  capable  of  combining  with  both  thofe,  and  even 
with  more  fubftances  beftdes ; and  that  it  is  its  incapacity  of 
combining  with  more  than  a limited  quantity  of  each  body, 
that  renders  it  unfit  to  aftift  thofe  procefles,  in  which  that 
particular  body  is  difcharged,  beyond  a certain  degree. 
Thus  air,  impregnated  with  as  much  phlogifton  as  it  can,  is 
unfit  for  the  procefs  of  combuftion,  of  refpiration,  and  other 
phlogiftic  proceftTes,  becaufe  no  more  phlogifton  can  be  com- 
bined with  it  \ but  then  it  does  not  follow,  that  this  fame  air 
cannot  abforb  any  water,  viz.  that  it  cannot  aflift  the  evapo- 
ration of  water;  and,  on  the  contrary,  air,  which  has  imbibed 
as  much  water  as  it  pofTibly  can,  is  no  longer  capable  to  afTifl: 
the  evaporation  of  water,  but  it  is  ftill  in  a ftate  proper  to 
abforb  phlogifton,  viz.  of  affifting  phlogiftic  procefies.  The 
fame  thing  may  be  faid  about  the  air’s  property  of  mixing 
with  fome  other  fubftances. 

The  attentive  reader  muft  have  remarked,  that  in  the  pre- 
ceding lines,  refpiration  has  been  confidered  as  a phlogiftic 
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procefs,  without  regarding  the  opinions  contrary  'to  that 
aiTertion.  The  reafon  is,  that  this  propofition  feems  at  prefent 
to  be  grounded  upon  indifputable  principles;  of  which,  how- 
ever, it  is  now  neceffary  to  take  particular-  notice ; it  being 
a fubjedl  of  great  confequence  to  mankind. 

An  animal,  as  a dog,  a pigeon,  8cc.  being  included  in  a dole 
receiver  of  a moderate  capacity,  lives  but  for  a certain  time, 
which  is  nearly  proportionate  to  the  quantity  of  air  contained 
in  the  receiver;  after  which,  death  puts  an  end  to  the  anxiety 
and  pains,  which  the  animal  began  to  fulfer  fince  the  air  be- 
came fufficiently  depraved,  and  rendered  unfit  for  eafy  and 
natural  refpiration.  If  another  animal  is  introduced  into  the 
fame  quantity  of  depraved  air,  it  dies  prefently.  This  is  a 
phenomenon  obfervable  with  all  thofe  animals  which  are 
obliged  to  maintain  life  by  means  of  refpiration.  The  an- 
cients, as  late  as  the  lafi;  age,  being  very  well  acquainted  with 
this  remarkable  property  of  the  air,  endeavoured  to  explain  it 
various  ways;  but  it  is  not  neceflary  to  detain  my  reader 
with  a confutation,  or  even  with  a particular  account  of 
them  at  prefent,  fince  this  matter  has  been  of  late  fo  well 
elucidated  by  the  indefatigable  Dr.  Priestley,  that  its 
prefent  theory  can  hardly  be  doubted  even  by  the  mofi: 
Iceptic  philofopher*.  The  Doctor’s  explanation,  in  fliort,  is, 

that 

• Air  was  confidered  to  be  one  of  the  aliments  of  the  body  by  the  old  phyfi- 
cian  Hippocrates  i though  it  was  more  commonly  believed  that  the  air  ferved 
to  temper  the  heat  of  the  blood,  acquired  by  a kind  of  viral  fire,  which  was 
thought  to  be  kept  up  in  the  heart  j and  that  the  office  of  the  lungs  was  princi- 
pally 
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that  when  the  air  is  in  the  lungs,  it  acquires  a quantity  of 
phlogifton  from  the  blood,  which  difcharge  of  phlogifton  is 
abfolutely  neceflary  for  the  continuation  of  animal  life;  that 
in  proportion  as  the  air  acquires  more  and  more  phlogifton, 
its  capacity  of  combining  with  that  fubftance  is  leflened,  and 
at  laft  vanifhes;  confequently,  the  animal  confined  in  a 
limited  quantity  of  air,  perifties  when  that  element  is  fufii- 

pally  to  carry  off  the  fmoke  or  vapours  proceeding  from  that  fire.  It  was  alfo 
fuppofed  by  later  philofophers,  that  either  the  air  itfelf,  or  fome  etherial  or  vital 
principle  extraded  from  it,  was  introduced  into  the  blood.  Dr.  Mavow,  whofc 
works  were  printed  at  Oxford,  in  the  year  1674,  aflerts  that  fome  nitre,  or  aereal 
fpirit  of  nitre,  enters  the  body  through  the  lungs,  and  furniflies  the  animal  fpirits, 
together  with  the  heat  that  is  communicated  to  the  blood.  It  has  been  fuppofed, 
alfo,  that  the  lungs  ferve  to  attenuate  the  blood,  and  to  mix  thoroughly  together 
its  different  particles.  On  the  contrary,  others  have  fufpedled  that  the  blood  is 
rather  condenfed  than  attenuated  in  the  lungs.  It  has  been  fuppofed  by  Dr. 
Whyte,  that  fome  ftimulating  quality  of  the  air  was  neceflary  to  keep  the  heart 
in  motion.  See  Haller’s  Works  Vol.  iii. — Air  has  been  confidered  even  as 
an  alkaly,  or  an  acid,  which  was  necelfary  to  neutralize  fome  fuch  principle 
abounding  in  the  living  body.  Haller  fuppofes  that  the  air  lofes  its  fpring  in 
the  lungs,  in  confequence  of  which  they  collapfe,  &c : he  alfo  fuppofes  that  fome 
fubftances,  mifcible  with  water,  are  taken  into  the  body  through  that  vehicle. 
Mr.  Cigna,  an  ingenious  philofopher  of  Turin,  fuppofes,  that  the  principal  ufe 
of  the  air  in  the  blood,  is  to  counterbalance  the  preffure  of  the  external  air. 
The  late  Mr.  Hewson,  well  known  for  his  anatomical  knowledge,  as  alfo  for  his 
work  entitled  Experimental  Inquiry  into  the  Properties  of  the  Blood,  having  obferved 
that  the  blood  had  a more  florid  red  colour  in  the  left  auricle  of  the  heart,  than 
it  had  in  the  right,  goes  fo  far  as  to  fay,  that  as  tlie  change  of  the  colour  of  the 
blood  out  of  the  body  is  occafioned  by  the  air,  it  might  be  prefumed,  that  the 
fame  change  within  the  body  was  occafioned  alfo  by  air,  and  that  this  change 
took  place  in  the  lungs ; though  he  acknowledged  that  it  was  ftill  unknown 
how  this  elfeft  might  be  produced.  See  Hewson’s  Exper.  Inq.  p.  9. 
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ciently  phlogifticated,becaufe  the  ufual  and  neceflary  difchargc 
of  phlogifton  from  his  lungs  is  intercepted. — The  elegant 
fimplicity  of  this  dodlrine,  and  its  analogy  with  other  known 
procefles  of  nature,  is  fufficient  to  recommend  it  to  the 
learned,  even  when  its  diredl  experimental  proofs  were  want- 
ing ; but  the  experiments,  that  will  be  mentioned  in  the 
fequel,  are  more  than  fufficient  to  demonftrate  it.  “ That 
‘‘  refpiration,”  fays  Dr.  Priestley,  “ however,  is  in  reality, 
a true  phlogiftic  procefs,  cannot,  I think,  admit  of  a doubt, 
“ after  its  being  found,  that  the  air  which  has  ferved  for  this 
purpofe  is  left  in  precifely  the  fame  ftate  as  that  which  has 
“ been  expofed  to  any  other  phlogiflic  procefs.  And  lince 
all  the  blood  in  the  body  paffes  through  the  lungs,  and, 
“ according  to  Mr.  Hewson’s  obfervations,  and  others,  the 
remarkable  change  between  the  colour  of  the  venal  and  the- 
“ arterial  blood  takes  place  there,  it  can  hardly  be  doubted, 
that  it  is  by  means  of  the  blood  that  the  air  becomes  phlo- 
gifticated  in  paffing  through  the  lungs:  and  therefore,  that 
one  great  ufe  of  the  blood  mufl;  be  to  difcharge  the  phlo- 
giflon  with  which  the  animal  lyftem  abounds,  imbibing  it 
“ in  the  courfe  of  its  circulation,  and  imparting  it  to  the  air,, 
with  which  it  is  nearly  brought  into  contact,  in  the  lungs; 
the  air  thus  ading  as  the  great  menftruum  for  this 
purpofe.” 

“ Though  I had  no  doubt  concerning  this  concluhon. 
from  my  former  experiments,  I thought  fo  great  a problem 
**  deferved  as  much  illuftration  as  could  be  given  to  it ; and 
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“ therefore  I \vas  willing  to  try,  whether  the  blood  was  of 
“ fuch  a nature,  as  to  retain  any  of  this  power  of  affeding  air, 
“ when  congealed,  and  out  of  the  body,  that  it  has  when  it 
is  fluid,  and  in  the  body;  and  the  experiments  have  fully 
“ anfwered  my  expectations. 

“ Having  taken  the  blood  of  a (beep,  and  let  it  ftand  till 
it  was  coagulated,  and  the  ferum  was  feparated  from  it 
“ (after  which  the  furface,  being  expofed  to  the  common  air, 
“ is  well  known  to  affume  a florid  red  colour,  while  the  in- 
“ flde  is  of  a much  darker  red,  bordering  upon  black)  I 
“ introduced  pieces  of  the  craflamentum,  contained  in  nets 
“ of  open  gauze,  or  of  wire,  fometimes  through  water,  and 
“ fometimes  through  quickfllver,  into  different  kinds  of  air, 
“ and  always  found  that  the  blackefl:  parts  aflumed  a florid 
“ red  colour  in  common  air,  and  more  efpecially  in  dephlo- 
‘‘  gifticated  air,  which  is  purer  and  more  fit  for  refpiratjoii 
“ than  common  air  (and  accordingly  the  blood  always  acquired 
“ a more  florid  colour,  and  the  change  was  produced  in  lefs 
“ time  in  this  than  in  common  air)  whereas  the  brighteft  red 
“ blood  became  prefently  black  in  any  kind  of  air  that  was 
“ unfit  for  refpiration,  as  in  fixed  air,  inflammable  air,  nitrous 
‘‘  air,  or  phlogifticated  air;  and  after  becoming  black  in  the 
“ lafl:  of  thefe  kinds  of  air,  it  regained  its  red  colour  upon  being 
again  expofed  to  common  air,  or  dephlogiflicated  air ; the 
‘‘  fame  pieces  becoming  alternately  black  and  red,  by  being 
‘‘  transferred  from  phlogifticated  to  dephlogifticated  air;  and 
“ vice  verfa. 

“ In  thefe  experiments  the  blood  muft  have  parted  with 
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“ its  phlogifton  to  the  common  air,  or  dephlogifticated  air, 
“ and  have  imbibed  it,  and  have  become  faturated  with 
‘‘  it,  when  expofed  to  phlogifticated,  nitrous,  inflammable, 
“ or  fixed  air 

The  Docflor  having  clearly  afcertained,  that  the  colour  of  the 
blood  is  changed  according  to  the  quality  of  the  permanently 
elaftic  fluid,  to  which  it  is  expofed,  he  next  proceeds  to  ex- 
amine the  ftate  of  the  air,  to  which  fomc  blood  has  been  ex- 
pofed ; and  he  found,  agreeable  to  his  fuppofition,  that  after 
having  expofed  fome  craflamentum  to  a quantity  of  dephlo- 
gifticated air  for  feveral  hours,  that  elaftic  fluid  became  thereby 
very  much  phlogifticated,  as  it  appeared  by  the  tafte  of  ni- 
trous air  -t*.  Ufing  at  diflerent  times  black  and  florid  red 
blood,  he  alfo  obferved,  that  the  dephlogifticated  air  was  de- 
praved confiderably  more  by  the  former,  than  by  the  latter. 
Thofe  experiments  prove  clearly,  that  black  blood  imparts 
phlogifton  to  the  air;  but  the  reverfe  of  this  propofition,  viz. 
that  blood  has  a power  of  abforbing  phlogifton  from  thofe 
elaftic  fluids  which  abound  with  it,  Dr.  Priestley  proved 
by  expofing  blood,  of  a very  beautiful  florid  colour,  to  nitrous, 
inflammable,  and  phlogifticated  air;  the  refults  of  which  ex- 
periments were,  that  thofe  forts  of  elaftic  fluids,  after  having 
been  thus  treated,  were  found  to  have  fenfibly  loft  part  of 
their  phlogifton  ; for  the  nitrous  air  had  in  part  loft  its  power 

* Priestley’s  Exper.  and  Obferv.  vol.  iii.  fed.  5. 

f The  pieces  of  blood  in  thefe  experiments  were  changed  very  often,  in  order 
:hat  they  might  not  become  putrid  j for  it  is  well  known,  that  the  putrefadion 
vf  every  fubftance  injures  good  air, 
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of  diminifhing  common  air;  the  inflammable  air  was  rendered 
wholefome  in  fome  degree,  fo  as  to  fuflor  a conflderable  di- 
minution when  mixed  with  nitrous  air;  and  the  phlogiflicated 
air  became  alfo  diminifhable  by  nitrous  air,  though  not  much. 
‘‘  But,”  fays  he,  “ it  fhould  be  confldered,  that  the  proper 
“ fundiion  of  the  blood  is  not  to  receive  phlogiflon  from  air^ 
“ (not  meeting  with  any  phlogiflicated  air  in  the  courfe  of 
‘‘  its  circulation)  but  to  communicate  phlogiflon  to  air;  and 
“ therefore,  there  is  by  no  means  the  fame  reafon  to  exped 
‘‘  that  air  will  be  mended  by  red  blood,  as  that  it  will  be 
“ injured  by  black  blood*.” 

After  the  recital  of  thofe  experiments,  the  judicious  Dodor, 
in  his  paper  on  refpiration^  and  the  ufe  of  the  bloody  takes 
notice  of  an  objedion,  which  might,  with  great  reafon,  be 
oppofed  to  his  dodrine,  viz.  that  the  blood  never  comes  into 
adual  contad  with  the  air  introduced  into  the  lungs;  for  a 
thin  membrane,  which  Dr.  Hales  fuppofes  to  be  about  one 
thoufandth  part  of  an  inch  thick,  fcparates  it  from  that  elaflic 
fluid.  The  following  are  the  Dodor’s  words.  “ In  order  to 
“ afcertain  the  efled  of  thefe  circumflances,  I took  a large 
“ quantity  of  black  blood,  put  it  into  a bladder,  moiflened 
‘‘  with  a little  ferum,  and  tying  it  very  clofe,  hung  it  in  a 
‘‘  free  expofure  to  the  air,  though  in  a quiefcent  flate ; and 
“ the  next  day  I found,  upon  examination,  that  all  the  lower 
‘‘  furface  of  the  blood,  which  had-  been  feparated.  from  the 
“ common  air  by  the  intervention  of  the  bladder  (which  is 
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“ an  animal  membrane,  limilar  to  that  which  conflitutes  the 
‘‘  vehcles  of  the  lungs,  and  is  at  leafl:  as  thick)  and  likewife 
a little  ferum,  had  acquired  a coating  of  a florid  red  colour, 
“ and  as  thick,  I believe,  as  it  would  have  acquired,  if  it  had 
“ been  immediately  expofed  to  the  open  air;  fo  that  this 
membrane  had  been  no  impediment  to  the  aftion  of  the  air 
“ upon  the  blood.  In  this  cafe  it  is  evident  to  obferve,  that 
“ the  change  of  colour  could  not  be  owing  to  evaporation^  as 
“ Mr.  Cigna  conjedliires.  This  experiment  I repeated, 
“ without  previoufly  moiftening  the  bladder,  and  with  the 
very  fame  refult. 

‘‘  I obferved  alfo,  that  when  I cut  out  a piece  of  the  craf- 
“ famentum,  and  left  the  remainder  in  the  veflTel  with  the 
“ ferum,  not  only  that  part  of  the  furface  which  was  expofed 
“ to  the  air,  but  that  which  was  furrounded  with  ferum,  and 
“ even  covered  with  it  to  the  depth  of  feveral  inches,  ac- 
“ quired  the  florid  colour;  fo  that  this  deep  covering  of 
“ ferum,  which  muft  have  effedlually  prevented  all  evapora- 
‘‘  tion,  was  no  more  an  impediment  to  the  mutual  a6lion  of 
‘‘  the  blood  and  the  air,  than  the  bladder  had  been.  The 
“ ferum  of  the  blood,  therefore,  appears  to  be  as  wonderfully 
“ adapted  to  anfwer  its  purpofe,  of  a vehicle  for  the  red  glo- 
“ buies,  as  the  red  globules  themfelves  ; for  the  flightefl: 
“ covering  of  water,  or  faliva^  effediually  prevents  the  blood 
“ from  acquiring  its  florid  colour;  and  Mr.  Cigna  found 
that  this  was  the  cafe  when  it  was  covered  with  oil. 

I hat  it  is  really  the  air^  adbing  through  the  ferum,  and 
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‘‘  not  the  ferum  itfelf,  that  gives  the  florid  colour  to  the 
“ blood,  is  clearly  afcertained  by  the  following  experiment. 
“ —I  took  two  equal  portions  of  black  blood,  and  put  them 
“ into  equal  cups,  containing  equal  quantities  of  ferum, 
which  covered  them  to  the  depth  ol  half  an*  inch.  One  of 
“ thefe  cups  flanding  in  the  open  air,  and  the  other  being 
“ placed  under  an  exhaufted  receiver,  the  former  prefently 
‘‘  acquired  a florid  colour,  while  the  other  continued  twelve 
“ hours  as  black  as  at  firfl:.  Being  taken  out  of  the  receiver, 
“ it  flood  all  night  in  the  open  air  without  becoming  red, 
‘‘  and  continued  black  ever  after,  even  when  the  ferum  was- 
“ poured  off. 

I alfo  more  compleatly  fatisfied  myfelf  of  the  influence 
of  the  air  upon  the  blood,  through  a body  of  ferum,  by  the 
“ reverfe  of  this  experiment ; fori  found  that  red  blood  be- 
“ came  black  through  the  depth  of  two  inches  of  ferum,, 
“ when  the  veffel  containing  it  was  expofed  to  phlogiflicated 
‘‘  air;  fo  that  the  red  globules  of  the  blood  both  receive,  and 
‘‘  part  with  phlogifton  by  means  of  the  air,  notwithftanding 
“ the  interpofltion  of  a large  body  of  the  fluid  in  which  they 
naturally  float.” 

Thus  the  office  of  the  air  in  the  lungs  was  fatisfa(fl:orily 
demonftrated,  by  clear  and  well-conduded  experiments. — It 
is  very  remarkable,  that  about  the  fame  time  that  thofe  ex- 
periments were  publifhed  in  England,  Mr.  Scheele,  (an  able 
German  Apothecary,  and  member  of  the  Royal- Academy  at 
Stockholm),  to  whom  the  firfl:  publications  of  Dr.  Priestley’s 
2 Experiments 
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Experiments  andObfervations  were  well  known,  fhouldpublilh 
an  explanation  of  the  office  of  the  air  in  refpiration,  which  is 
quite  the  reverfe  of  the  above-mentioned  dodfrine  of  Dr. 
Priestley. — The  Dodlor  ffiews  that  the  air  acquires  phlo- 
gifton  from  the  blood  through  the  lungs;  and  Mr.  Scheele 
fays,  that  the  blood  acquires  phlogifton  from  the  air.  “ Phlo- 
“ fays  “ which  communicates,  for  the  greater 

“ part,  to  thofe  fubflances  with  which  it  is  united,  fluidity, 
“ mobility,  and  elafticity ; muft  have  the  fame  effedl  on  blood. 
“ The  globules  of  the  blood  muft  attradf  it  from  the  air, 
“ through  the  fmall  pores  of  the  pulmonary  veficles ; by  this 
“ union  they  are  feparated,  and  confequently  made  more 
“ fluid,  and  appear  then  very  red.  They  ought,  however,  to 
depoflt  this  attradted  phlogifton  during  circulation;  and 
confequently  be  enabled  to  imbibe  again  from  the  air,  the 
“ phlogifton  in  the  place  where  they  come  the  neareft  in  con- 
“ tadl  with  it,  i.e.  in  the  lungs.  What  may  have  become  of 
“ this  phlogifton,  I leave  to  others  to  determine.” 

This  perfon,  knowing  that  blood  newly  taken,  and  expofed 
to  the  open  air,  acquires  a florid  red  colour  on  its  furface,  ex- 
amined the  alteration  that  this  change  of  colour  might  produce 
in  the  air,  in  the  following  manner : — He  put  fome  blood,  newly 
taken,  into  a matrafs,  which  he  tied  up  with  a bladder,  and 
agitated  it  frequently.  Eight  hours  after,  examining  the  air 
of  this  matrafs,  he  found  that  it  did  not  contain  any  fixed  air, 

* Exper.  on  Air  and  Fire,  trandated  by  Dr.  Forster,  p.  150. 
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neither  had  it  been  diminifhed ; but  it  extinguifhed  the  flame 
of  a candle  immediately;  in  fliort,  it  was  in  that  (late  which 
QdW  phlogifiicated  \ though  Mr.  Scheele  does  not 
think  that  the  air  in  that  ftate  has  acquired  any  fuperfluous 
quantity  of  phlogifton. — As  for  the  theory  of  this  author^ 
relating  to  the  ufe  of  the  air  in  refpiration,  vegetation,  &c. 
it  fhall  be  taken  proper  notice  of  in  another  place  of  this  work  ; 
but  1 fhall,  for  the  prefent,  only  mention  the  principal  experi- 
ment, which  was  the  caufe  of  the  above  mentioned  miflaken 
notion.  Mr.  Scheele  having  adapted  a tube  to  the  neck  of 
a bladder,  filled  it  with  inflammable  air  extraded  from  oil  of 
vitriol  and  fteel  filings;  then  applying  the  tube  of  the  faid 
bladder  to  his  mouth,  and  flopping,  at  the  fame  ,time,  both 
his  noflrils  with  one  hand,  he  inhaled  that  elaflic  fluid  twenty 
times,  which  was  as  much  as  he  could;  then,  fays  he, 
“ having  again  recovered  in  fome  meafure,  I again  expelled 
“ the  air  from  the  lungs  as  much  as  pofTible,  and  then  drew 
“ in  again  this  inflammable  air.  After  ten  inhalations,  I 
“ found  myfelf  obliged  to  leave  oflr*,  and  found  that  it  w^as 
“ no  more  inflammable,  nor  could  it  unite  with  lime-water; 
“ in  a wwd,  it  was  foul  air.” 

By  the  W’ords,  I again  expelled  the  air  from  the  lungs,” 
it  feems  as  if  the  experiment  had  all  the  appearance  of  ac- 
curacy ; for  the  quantity  of  common  air,  which  remains  in  the 
lungs  after  a natural  expiration,  and  which  in  Mr.  Scheele’s 
experiment  muft  be  evidently  mixed  with  the  inflammable  air 
of  the  bladder,  might  be  confidered  to  be  very  fmall ; yet  the 
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reader  may  reft  afTured  that  the  principal  refults  of  this 
experiment  of  Mr.  Scheele’s,  are  quite  contrary  to  the  com- 
mon obfervations  of  all  the  other  moft  able  philofophers,  who 
have  diftinguifhed  themfelves  in  this  branch  of  philofophy;. 
efpecially  of  the  learned  Mr.  Fontana,  who  examined  this 
particular  fubjedt  with  the  moft  fcrupulous  and  unwearied 
attention.  Mr.  Scheele  aflerts,  that  after  the  inflammable 
air  l^ad  been  breathed  as  long  as  it  could,  it  loft  its  inflam- 
mable property;  but  Mr.  Fontana,  befldes  feveral  other  per- 
fons,  has  found,  that  the  inflammable  air,  extracted  from  the 
very  fame  fubftances  ufed  by  Mr.  Scheele,  as  well  as  from 
others,  after  having  breathed  by  birds  and  quadrupeds  till 
they  died,  after  being  breathed  by  himfelf,  even  when  mixed 
with  common  air,  was  always  inflammable;  he  having  fired  it 
even  on  the  a<ft  of  blowing  it  out  of  his  mouth.  In  regard  to 
the  inflammable  air  being  capable  of  being  breathed  without 
danger,  Mr.  Fontana  found  the  cafe  to  be  quite  the  con- 
trary. Indeed,  that  animals  introduced  into  inflammable  air 
died  prefently,  had  been  obferved  before,  by  Mr.  Cavendish,. 
Dr.  Priestley,  and  others;  but  Mr.  Fontana,  by  particular 
and  numerous  experiments,  the  account  of  which  will  be 
given  in  the  chapter  that  treats  of  inflammable  air,  flievvs  that 
inflammable  air,  whether  it  be  breathed  through  the  noftrils 
and  mouth,  or  through  the  mouth  only;  whether  it  be  breath- 
ed by  birds,  quadrupeds,  or  men ; whether  the  whole  body 
of  the  animal  is  introduced  into  the  inflammable  air,  or  the 
mouth  only ; and  whether  it  be  breathed  out  of  bladders  or 
3 out 
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out  of  glafs  receivers;  is  always  noxious^.  In  fo  much 
it  may  be  breathed  for  a few  times,  as  the  air  of  the  lungs, 
which  remains  in  them  even  after  an  expiration,  mixes 
with  it,  and  which  air  being  fpecifically  heavier  than  inflam- 
mable air,  mufl;  generally  remain  at  the  bottom,  viz.  in  con- 
tad:  with  the  lungs;  from  whence  it  follows,  as  it  has  been 
proved  by  experiments,  that  the  inflammable  air  proves  more 
noxious,  when  the  bladder  or  other  vefl'el  containing  it,  that 
is  applied  to  the  mouth,  is  larger,  than  when  fmaller ; for 
then  the  quantity  of  pulmonary  air  that  is  mixed  with  the 
inflammable  air  is  proportionately  fmaller.  We  mufl:  therefore 
conclude  that  Mr.  Scheele’s  hypothefls  is  erroneous,  and  that 
the  ufe  of  the  air  in  refpiration  is,  as  Dr.  Priestley  has 
fhewn,  principally  to  carry  off  the  phlogifton  from  the 
blood. 

It  is  neceffary,  in  this  place,  to  fpeak  of  the  feparation  of 
heat  from  the  air  in 'refpiration  ; which  affords  the  explanation 
of  a remarkable  phenomenon  in  the  animal  body,  to  wit,  the 
animal  heat ; and  which  has  been  ably  fhewn  by  Dr. 
Crawford’s  ingenious  experiments,  publifhed  in  his  work 
entitled  Experiments  and  Obfervations  o?t  Anisnal  Heat, 
This  author,  whofe  fyftem  has  been  mentioned  towards  the 
beginning  of  this  work,  obfcrves,  that, 

“ I.  Thofe  animals  which  are  furnifhed  with  lungs,  and 
‘‘  which  continually  infpire  the  frefla  air  in  great  quantities. 
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“ have  the  power  of  keeping  themfelves  at  a temperature 
confiderably  higher  than  the  furrounding  atmofphere. 
‘‘  But  animals  that  are  not  furnifhed  with  refpiratory  organs, 
“ are  very  nearly  of  the  fame  temperature  with  the  medium 
“ in  which  they  live.  * 

“ 2.  Among  the  hot  animals,  thofeare  the  warmeft,  which 
“ have  the  largeft  refpiratory  organs,  and  which,  confequently, 
“ breathe  the  greateft  quantity  of  air  in  proportion  to  their 
“ bulk.  Thus,  the  refpiratory  organs  of  birds,  compared  with 
“ their  hze,  are  more  extenhve  than  thofe  of  any  other 
“ animal;  and  birds  have  the  greateft  degree  of  animal  heat. 

‘^‘3.  In  the  fame  animal,  the  degree  of  heat  is,  in  fome. 
“ meafure,  proportionable  to  the  quantity  of  air  infpired  in  a- 
given  time.  Thus,  we  find  that  animal  heat  is  increafed 
“ by  exercife,  and  by  whatever  accelerates  refpiration. 

After  thefe  obfervations.  Dr.  Crawford  next  proceeds  to 
demonftrate  experimentally  the  following  propofitions,  viz. 
I.  That  common  air  contains  a greater  quantity  of  elementary 
heat,  than  the  air  that  is  expired  from  the  lungs ; and  that 
the  quantity  of  this  elementary  heat  contained  in  any  fort  of 
air,  that  is  fit  for  refpiration,  is  nearly  proportionable  to  its 
purity.  II.  That  the  blood  which  pafies  from  the  lungs  to 
the  heart,  by  the  pulmonary  vein,  contains  more  elementary 
heat,  than  that  which  pafies  from  the  heart  to  the  lungs,  by 
the  pulmonary  artery.  III.  That  the  capacities  of  contain- 
ing the  elementary  heat  in  bodies,  are  diminifiied  by  the 
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addition  of  phlogifton,  and  increafed  by  the  feparation  of  this 
principle 

Then  the  explanation  of  aninial  heat,  which  he  deduces 
from  thofe  propoiitions,  is  as  follows: — The  atmofpherical, 
or,  in  general,  the  refpirable  air,  which  is  introduced  into  the 
lungs,  acquires  a quantity  of  phlogifton  from  the  blood. — 
By  being  impregnated  with  phlogifton,  its  capacity  of 
holding  elementary  heat  is  leftTened,  according  to  the  third 
propofttion  ; hence  it  muft  depoftt  part  of  that  heat  upon 
the  blood,  which  thus  acquiring  an  additional  quantity  of 
heat,  difperfes  it  through  the  body,  and  thus  keeps  up  that 
warmth  which  breathing  animals  have  above  the  ufual  tem- 
perature of  the  atmofphere. 

It  will  perhaps  be  difficult  for  fome  perfons  to  reconcile 
this  theory  with  the  ufual  popular  obfervation,  that  the  air 
which  is  expired  from  the  lungs  is  fenftbly  hotter  than  that 
which  is  infpired  ; whereas,  according  to  the  above-mentioned 
theory,,  the  air  expired  contains  lefs  elementary  heat,  than  it 
did  before  its  entering  the  lungs;  but  it  muft  be  obferved, 
that  the  heat  of  the  air  juft  expelled  from  the  lungs  is  a 
fenftble  heat,  which  has  nothing  to  do  with  the  air’s  capa- 
city of  holding  that  element.  For  example,  fuppofe  that  the 
common  atmofpheric  air  contains  20  parts  of  elementary  heat,, 
and  that  the  fame  air,  after  being  breathed  once,  can  contain 
not  more  than  10  of  thofe  parts.  Now  thofe  two  forts  of 

* For  the  experiments,  which  prove  thefe  propofitions,  the  reader  is  referred 
to  the  above-mentioned  work  on  animal  heat. 
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elaftic  fluid,  viz.  common  atmorpheric  air,  and  the  fame  air 
after  being  breathed,  when  put  in-  the  fame  temperature, 
acquire  the  fame  degree  of  fenflble  heat,  viz.  they  will  raife  the 
thermometer  precifely  to  the  fame  degree,  notwithftanding 
that  the  former  contains,  according  to  the  fuppofltion,  twice 
as  much  elementary  heat  as  the  latter;  for  the  quantity  of 
elementary  heat,  that  a body  contains,  does  not  become 
fenflble,  unlefs  the  capacity  of  that  body  for  holding  fo  much 
heat  is  leffened.  The  air  then  which  is  expired  from  the 
lungs  has  a quantity  of  fenflble  heat,  which  it  has  acquired  from 
its  contact  with  the  warm  lungs,  and  which  it  lofes  as  foon  as 
it  comes  into  contact  with  colder  bodies;  but  its  quantity  of 
elementary  heat  remains  lefs  than  it  was  before  its' being  ufed 
for  refpiration  ; becaufe,  according  to  Dr.  Crawford’s  theory, 
its  capacity  of  holding  that  element  is  leffened  by  its  being 
impregnated  with  phlogiflon. 

The  novelty  of  this  theory,  and  its  being  not  eafliy  recon- 
cileable  with  the  fenflble  and  vulgar  appearances,  renders  a 
more  explicit  and  fuller  explanation  neceffary,  in  order  to 
render  it  familiar  to  perfons  not  much  verfed  with  thefe  dif- 
quifltions,  and  even  to  philofophical  minds ; but  the  fubjedt 
being  rather  foreign  to  the  principal  objedf  of  this  work,  I 
mufl;  forbear  expatiating  upon  it. 

Having  examined  particularly  the  principal  properties  of 
air  in  refpiration,  it  is  now  neceffary  to  collect,  under  one 
point  of  view,  all  the  particulars  relating  to  that  moft  in- 
terefting  fundtion  of  the  animal  body,  in  order  that  the 
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reader  may  form  a juft  and  compreheniive  idea  of  the  fame ; 
efpecially  re^ped:ing  the  human  body. 

A man  generally  performs  one  infpiration  for  every  feven  or 
eight  pulfations  of  the  heart;  and,  as  the  mean  number  of 
pulfations,  between  thofe  that  are  very  quick,  and  thofe  that 
are  remarkably  flow,  may  be  taken  to  be  90  per  minute,  we 
may  fuppofe  that  at  a mean,  14  infpirations  and  14  expira- 
tions are  performed  in  each  minute. 

A perfon  of  an  ordinary  fize,  and  in  good  health,  may  be 
reafonably  fuppofed  to  infpire  30  cubic  inches  of  air  at  a 
time.  In  the  expiration  the  air  is  not  intirely  changed,  but 
fome  of  it  remains  in  the  lungs,  wind-pipe,  and  mouth ; 
which  is  generally  more  in  quantity  than  that  ufually  taken 
in  and  expelled  in  the  ad:  of  ordinary  refpiration ; fo  that  in 
a very  violent  expiration,  following  a natural  infpiration,  the 
air  expelled  from  the  lungs  may  amount  to  60  cubic  inches, 
viz.  the  double  of  that  quantity  which  is  expelled  in  a na- 
tural expiration.  And  even  in  cafe  of  this  violent  expiration, 
fome  air  flill  remains  in  the  mouth,  ajpera  arteria^  or  wind- 
pipe, and  its  branches.  Refpiration  is  quickened  by  various 
caufes,  as  by  the  acceleration  of  pulfation,  by  agitation, 
difeafes  of  the  lungs,  and  impurity  or  rarity  of  the  air.  An 
animal  confined  in  a limited  quantity  of  air,  quickens  its  in- 
fpirations in  proportion  as  the  air  becomes  lefs  fit  for  refpira- 
tion, and  alfb  takes  in  and  expels  more  air  at  a time,  tham 
when  the  air  is  purer.  This  fame  efied  is  obfervable  when 
an  animal  is  put  under  the  receiver  of  an  air-pump,  out  of 
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which  the  air  is  partly  exhaufted.  The  air,  when  introduced 
into  the  lungs,  becomes  impregnated  with  phlogifton,  and, 
at  the  fame  time,  depofits  fome  of  its  elementary  heat  upon 
the  blood;  its  capacity  of  holding  that  element  being  leflened 
by  the  acquiiition  of  phlogifton:  and,  on  the  contrary,  the 
blood  having  depoftted  fome  phlogifton  upon  the  air 
through  the  ferum,  and  pores  of  the  pulmonary  veftcles, 
acquires  heat  from  it;  hence  the  blood  which  paffes  from 
the  lungs  to  the  heart  contains  more  elementary  heat  and 
lefs  phlogifton  than  that  which  pafies  from  the  heart  to  the 
lungs.  The  air  which  has  ferved  for  one  infpiration  is  not 
thereby  compleatly  phlogifticated,  but  is  ftill  ufeful  for  ref- 
piration,  though  it  is  lefs  fit  for  it  than  new  air ; and  ac- 
cording as  it  is  more  ufed,  it  becomes  more  and  more  infeded, 
until  it  is  rendered  quite  unfit  for  refpiration.  Mr.  Fontana 
having  introduced  350  cubic  inches  of  common  air  into 
a bladder,  and,  applying  the  neck  of  it  to  his  mouth, 
after  having  made  as  ftrong  an  expiration  as  he  could, 
endeavoured  to  breathe  it  as  long  as  it  was  poftible;  but 
after  having  breathed  it  forty  times,  his  ftrength  began  to 
fail,  fo  that  he  was  obliged  to  defift^.  Mr.  Scheele  fays, 
that  he  has  breathed  the  air  contained  in  a bladder  24  times, 
which  was  as  much  as  he  poftibly  could  f;  but  Mr.  Scheele 
does  not  mention  the  capacity  of  the  bladder  ufed,  fo  that 
nothing  precife  can  be  deduced  from  his  experiment.  This 
property  of  contaminating  air  is  different  with  different 

* Phil.  Tranf.  vol.  Ixix. 
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individuals  of  the  human fpecies,  and  alfo  with  other  animals; 
there  being  fome  people  who  phlogifticate  the  air  much 
fooner  than  others,  efpecially  when  affeded  by  particular 
difeafes;  and  fome  animals  are  faid  to  have  the  property  of 
infeding  common  air  fo  foon,  and  in  fo  great  a degree,  that 
their  breath  is  quite  mortiferous  to  other  animals  that  happen 
to  be  involved  in  it.  Dr.  Priestley  has  obferved,  “ that 
young  mice  will  always  live  much  longer  than  old  ones,  or 
“ than  thofe  which  are  full  grown,  when  they  are  confined 
“ in  the  fame  quantity  of  air;  having  fometimes  known  a 
‘‘  young  moufe  to  live  fix  hours  in  the  fame  circ  urn  fiances  in 
“ which  an  old  moufe  has  not  lived  one*.”  This  obferva- 
tion  feems  to  fhew  that  young  mice  do  not  phlogifticate  the 
air  fo  foon  as  old  ones  do ; and,  conlidering  the  various  caufes 
upon  which  this  may  depend,  it  feems  probable  that  this  law 
is  true  with  the  generality  of  animals,  and  efpecially  with 
mankind,  viz.  that  the  old  individuals  contaminate  the  air 
fooner  than  the  young  ones.  Upon  this  natural  fuppofttion, 
it  may  perhaps  be  conftdered  difadvantageous  for  young 
people  to  fleep  with  old  perfons ; for  the  latter  contaminating 
the  air  much  quicker,  may  render  the  refpiration  of  the  young 
people  unhealthy  and  difficult,  efpecially  becaufe  the  air 
about  a bed  is  very  little  agitated.  It  does  not  follow 
from  thence,  that  the  air  breathed  by  young  people  is  falutary 
for  the  old,  as  fome  ignorant  perfons  believe.  It  is  probably 

* Priestley’s  Exper.  and  Obferv.  vol.  i.  p.  72. 
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lefs  iftipure  than  if  it  had  been  breathed  by  old  perfons ; but 
it  is  always  lefs  fit  for  refpiration  than  the  common  air, 
which  has  not  been  at  all  breathed.  ‘‘  It  is  a very  erroneous 
“ opinion,”  fays  Dr.  Ingen-housz,  “ and  even  tending  to 
“ do  material  mifchief,  that  the  air  of  a room,  in  which  a 
“ great  number  of  young  people  have  been  fliut  up,  as  in 
“ Ichools,  is  become  very  wholefome  for  old  people  to 
“ breathe  in.  I have  feen  fchool-mafters  fo  ftrongly  preju- 
“ diced  with  this  notion,  that  they  even  would  not  allow  the 
windows  of  the  fchool  to  be  opened,  for  fear  that  the 
“ young  air,  as  they  called  it,  of  the  fchool-boys  fliould 
efcape;  thinking  that  breathing  this  infedlioiis  and  truly 
“ noxious  evaporation  would  prolong  their  own  life 

The  air  thus  rendered  cofApleatly  noxious  by  animal  refpi- 
ration, is  deleterious  to  other  animals,  extinguiihes  fiamc,is  very 
little  diminifiiable  by  nitrous  air,  and  precipitates  the  lime  in 
lime-water,  or  cryftallizes  with  oil  of  tartar  f;  which  fhews 
that  it  contains  a quantity  of  fixed  air : which  may  be  alfo 
feparated  from  it  by  agitation  in  water ; for  the  fixed  air  being 
mifcible  with  water,  is  abforbed  by  it,  and  then  the  depraved 
air,  &c.  is  diminifhed  in  bulk.  The  quantity  of  fixed  air, 
which. Mr.  Scheele  afier^  to  have  feparated,  by  means  of 

* Experiments  on  Vegetables,  p.  134. 

■f  In  order  to  let  fixed  air,  whether  by  icfelf  or  when  mixed  with  other  elaftic 
fluids,  cryftallize  with  oil  of  tartar,  the  infide  furface  of  a fmall  glafs  receiver 
muft  be  fmeared  with  oil  of  tartar,  then  the  receiver  beiog  filled  with  and  in- 
verted in  quickfilver,  the  elaftic  fluid  is  introduced  into  it,  which  will  cryftallize 
%vith  the  alkaline  liquor  upon  the  infide  furface  of  the  receiver. 

9 lime-water,. 
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lime-water,  from  fome  air  which  he  had  breathed  as  long  as 
he  could,  was  about  one  thirtieth  part  of  the  whole  quantity* * * §. 
The  air  which  Mr.  Fontana  had  breathed  forty  timeSj  as 
above-mentioned,  being  examined  by  himfelf,  was  found  to 
extinguiih  a light  feveral  times  fucceffivelyd'.  It  formed 
various  cryflals  with  oil  of  tartar,  but  after  a very  conhderable 
time;  fome  of  which  cryflals  had  the  fhape  of  needles,  others 
were  like  flowers.  By  the  tafte  of  nitrous  air,  it  gave  II,  I.  2,70. 
and  II,  II.  3,70.  (his  marks  being  expreflTed  according  to  our 
method  of  notation)  as  was  mentioned  in  the  VT.  Chap,  of 
the  preceding  Part  A fmall  bird,  being  introduced  into 
a receiver  containing  ten  cubic  inches  of  that  air,  made  feveral 
contortions  with  its  body,  as  foon  as  it  began  to  breathe  it, 
fhewing  to  fufler  a great  deal,  and  it  died  in  ten  minutes 
time ; whereas  another  little  bird,  introduced  into  a like 
quantity  of  common  air,  lived  in  it  fifty-two  minutes,  nor 
did  it  fhew  any  flgn  of  uneafinefs  before  it  had  been  in 
five  minutes  §. 

Air  is  diminifhed  by  animals  breathing  in  it,  as  Mr.  Boyle 

* Exper.  on  Air  and  Fire,  p.  147,  and  148. 

i*  A lighted  wax'  taper  is  let  down  into  a receiver  containing  the  elaftic  fluid, 
and  when  extinguifhed  in  it,  the  mouth  of  the  receiver  is  flopped,  and  the  wax 
taper  is  lighted  again,  and  is  let  down  into  the  fame  receiver  a fccond  time,  and 
fo  on. 

± Viz.  two  meafures  of  the  breathed  air  and  one  of  nitrous  air  were  reduced 
to  two  meafures  and  70  tooths  j to  which  another  meafure  of  nitrous  air  being 
added,  the  whole  was  reduced  to  three  meafures  and  70  tooths. 

§ Phil.  Tranf.  vol.  Ixix.  p.  343. 
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firft  obferved.  This  experiment  cannot  be  made  by  apply- 
ing a bladder  full  of  air  to  the  mouth,  and  breathing  in  it; 
for  then  the  diminution  cannot  be  obferved  with  precifion: 
but  the  whole  body  of  an  animal  mufl:  be  introduced  into  a 
fufficiently  large  receiver,  and  either  it  fhould  be  prevented 
by  proper  management,  or  proper  allowance  fhould  be  made 
for  any  error  that  might  arife  from  the  heat  of  the  animal’s 
body,  from  its  putrifying  in  the  receiver  after  death,  or  from 
other  like  circumftances.  This  diminution  Dr.  Hales  ob- 
ferved to  be  about  one  thirteenth  of  the  whole  quantity.  Mr. 
ScHEELE  afferts,  that  after  keeping  a rat  in  a quantity  of  air 
till  it  died,  the  air  was  thereby  diminifhed  very  little;  but  his 
experiment  was  conducted  in  a very  equivocal  manner,  fo  as 
to  render  the  refult  very  doubtful.  Dr.  Priestley  has 
found  this  diminution  to  amount  to  one  fixth,  or  one  fifth. 
Indeed,  air  is  diminifhed  not  only  by  refpiration,  but,  in  ge- 
neral, by  every  phlogiftic  procefs,  as  combuftion,  putre- 
facflion,  &c.  excepting,  however,  when  fome  elaftic  fluid  is 
generated  by  the  fubftances  expofed  to  that  air;  which  cafes, 
properly  fpeaking,  are  not  exceptions  againft  the  air  being  di- 
minifhed ; but,  mixing  the  diminifhed  air  with  the  produced 
elaflic  fluid,  prevents  our  obferving  the  adlual  diminution  of 
the  atmofpheric  fluid. 

The  animals  which,  by  being  introduced  into  air  depraved 
by  the  refpiration  of  other  animals,  are  deprived  of  life,  feem  to 
be  afl'e£led  by  fomething  ftimulating  in  that  fluid;  for  they 
generally  die  in  convulfions,  and  are  often  affeded  fo  quickly, 

that 
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that  they  are  irrecoverable,  even  if  withdrawn  after  a fingle 
infpiration.  The  fixed  air,  exifting  in  air  infected  by  animal 
refpiration,  feems  chiefly  to  produce  this  elfedl  of  fuiffocat- 
ing,  &c.  A fmall  animal,  as  a bird,  introduced  into  a tall 
receiver  full  of  air,  will  live  longer  if,  by  fome  means,  it  is 
placed  towards  the  top  of  the  receiver,  than  if  at  the  lower 
part  of  it;  the  reafon  of  which  phenomenon  feems  to  be,  the 
fixed  air  generated  by  the  animal’s  refpiration,  which,  on 
account  of  its  being  heavier  than  common  air,  falls  to 
the  lower  part  of  the  receiver.  It  is  remarkable,  that  ani- 
mals may  be  habituated  to  live  in  fuch  foul  air  much  longer 
than  other  animals,  which  are  not  ufed  to  it ; fo  that  if  a 
moufe,  as  Dr.  Priestley  fays,  can  ftand  the  firft  fhock  of 
the  ftimulus,  occafioned  by  this  elaftic  fluid,  or  has  been 
habituated  to  it  by  degrees,  it  will  live  a confiderable  time  in 
air  in  which  other  mice  will  die  inftantaneoufly. 

Infers  have  the  remarkable  property  of  living  very  well  in 
air  that  is  tainted,  not  only  by  refpiration,  but  even  by  putre- 
fadion  of  animal  or  vegetable  fubftances.  “ Infeds  of  vari- 
“ ous  kinds,”  fays  Dr«  Priestley,  “ live  perfedly  well  in  air 
“ tainted  with  animal  or  vegetable  putrefadion,  when  a 
“ fingle  infpiration  of  it  would  have  inftantly  killed  any  other 
“ animal.  I have  frequently  tried  the  experiment  with  flies 
“ and  butterflies.  The  aphides^  alfo,  will  thrive  as  well  upon 
plants  growing  in  this  kind  of  air,  as  in  the^open  air.  I 
“ have  even  been  frequently  obliged  to  take  plants  out  of  the 
“ putrid  air,  in  which  they  were  growing,  on  purpofe  to 
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‘‘  brufii  away  the  fwarms  of  thofe  infeds  which  infected 
‘‘  them;  and  yet  fo  effediually  did  fome  of  them  conceal 
themfelves,  and  fo  faft  did  they  multiply,  in  thefe  circum- 
ftances,  that  I could  feldom  keep  the  plants  quite  clear  of 
themf.” 

Independent  of  Dr.  Priestley’s  obfervation,  one  might 
be  eafily  induced  to  fuppofe  the  fame  thing,  by  remarking 
that  a vaft  number  of  infeds  is  generally  found  near  putrid 
marfhes,  and  in  thofe  places  in  which  the  air  is  manifeftly 
impregnated  withoffenfive  and  putrid  effluvia. 

Mr.  ScHEELE  having  confined  fome  flies,  and  alfo  fome 
bees,  in  fmall  receivers  full  of  air,  found  that  after  fome  days 
they  always  died,  notwithflanding  that  .proper  food  for  them 
was  alfo  laid  in  thofe  receivers  %,  This  obfervation  feerns, 

at 

■f  Exper.  and  Obferv.  vol.  i.  p.  85. 

t “EXPERIMENT  III. 

“ I fhut  up  fome  flies  in  a phial,  into  which  I had  laid  a paper  whereon  I put 
fome  honey : fome  days  after  they  all  were  dead  ; but  they  had  not  abforbed 
“ any  air.  The  milk  of  lime  (be  means  lime-water)  diminifhed  its  bulk  of  about 
“ one  fourth  part,  and  the  reft  extinguiflied  a candle. 

“ Then  I took  a bottle  of  twenty  ounces  meafure,  and  near  its  bottom  I bored 
“ a hole  in  it  with  the  corner  of  a broken  file  •,  into  this  bottle  1 put  a fmall 
“ piece  of  quick-lime,  and  fliut  its  mouth  with  a cork,  through  which  I had 
“ paflfed  a tube  j round  the  cork  I laid  a ring  of  pitch,  and  having  put  a bee 
“ with  fome  honey  on  a paper  into  a common  open  glafs,  I fet  it  inverted  on  the 
“ pitch  (into  which  I gently  preflfed  the  glafs,  in  order  to  exclude  all  communi- 
“ cation  of  external  air);  then  the  bottle  was  placed  in  a difh  ; this  I filled  fo  far 
“ with  water  as  to  cover  half  of  the  bottle  ; finding  the  water  lifted  the  bottle 
“ off  from  the  bottom  of  the  difh,  I laid  a fmall  weight  on  the  top  of  the  inverted 

“ glafs. 
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at  firft  fight,  to  be  contradidoiy  to  Dr.  Priestley’s  experi- 
ments ; but  it  mufl;  be  confidered  that  the  Dodor  confined 
the  infeds  in  putrid  air,  whereas  Mr,  Scheele  confined  them 
in  common  air,  which  was  gradually  infeded  by  their  own 
refpiration,  &c.  Probably  thofe  two  kinds  of  air  produce 
different  effeds  upon  infeds.  The  experiment  may  be  eafily 
tried.  Neverthelefs,  Mr.  Scheele’s  rhethod  of  performing  ex- 
periments in  general  is  not  very  accurate  ; and  as  he  fpeaks  of 
great  diminution  of  air  to  have  taken  place  in  his  above-men- 
tioned experiments  with  infeds,  which  does  not  feem  to  be  very 
probable,  nor  has  it  been  obferved  in  fome  like  trials,  which  I 
lately  made;  I am  apt  to  think,  that  Mr.  Scheele’s  experi- 
ments mufi;  have  been,  in  fome  manner  or  other,  miftaken. 

Befides  the  principal  ufe  of  the  air  in  refpiration,  viz.  the 
feparating  the  fuperfluous  phlogifton  from  the  blood ; it  ferves 
alfo  to  expel  from  the  animal  body  putrid  efiluvia,  as  is 
flievvn  by  the  offenfive  fmell  of  fome  perfons  that  have  a bad 
habit  of  body;  and,  in  general,  it  certainly  expels  fome 
moifture  from  the  lungs,  as  it  is  fhewn  by  the  vapour  of 


“ glais.  The  water  mounted  every  day  into  the  bottle  by  the  hole.  I took 
“ care  now  and  then  to  fhake  the  Bottle,  in  order  to  burft  the  Ikin  formed  on 
“ the  furface  of  the  water.  At  the  end  of  feven  days  the  water  was  rifen  to  E 
(i.  e.  to  about  one  fifth  of  the  inverted  glafs),  and  the  bee  was  dead  : fomecimes  I 
“ put  two  bees  at  a time  into  the  glals,  when  the  fame  quantity  of  air  has  been 
“ changed  into  aerial  acid  {/.  e.  fixed  air)  in  half  the  time.  Caterpillars  and 
“ butterflies  caufe  the  fame  efFedl.”  Scheele’s  Exper.  on  Air  and  Fire, 
p.  148. 
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I 

the  breath  appearing  in  a coldiili  temperature  -f*.  In  that- 
cafe,  the  air  which  is  in  the  lungs,  being  hot,  diffolves,  and 
combines  with  a greater  quantity  of  watery  particles  than  the 
open  air ; but  when  expelled  from  the  lungs,  it  becomes  fud- 
denly  cold  by  the  contadl  with  the  open  air;  hence  fome  of 
the  particles  of  water,  being  precipitated  from  it,  are  colledled 
together  fo  as  to  form  that  vilible  vapour;  which  foon  dif- 
appears,  becaufe  it  mixes  with  the  common  flock  of  air. 

Nature  has  alfo  employed  refpiration  to  various  me- 
chanical purpofes,  as  for  the  voice,  the  cough,  &c. ; for  which 
fee  the  anatomical  and  phyfiological  writers 

Thus  we  have  examined  the  interefling  office  of  air  in 
refpiration,  and  the  alteration  it  undergoes  by  being  fubfer- 
vient  to  that  natural  procefs.  We  fhall  next  examine  it  in 
refpedt  to  combuftion.  Air,  in  a natural  flate,  promotes, 
and  is  abfolutely  neceffary  for  the  combuftion  of  inflammable 
bodies.  Thus  a candle  is  extinguifhed  in  vacuo,  but  burns  in 
the  open  air.  A quantity  of  air  cannot  affift  the  combuftion 
for  more  than  a limited  time  ; about  a gallon  of  common  air 
being'  fufficient  to  fupport  the  combuftion  of  an  ordinary 
tallow  candle  for  one  minute  only;  after  which  the  candle 

•f  The  breath,  or  the  vapour  of  the  air  coming  out  of  the  lungs,  is  only  to  be 
feen  in  a temperature  colder  than  the  doth,  or,  at  moft,  the  6ift  degree  of 
Farenheit’s  thermometer. 

Etmuller  Diflert.  2.  chap.  to. Galen  de  ufu  partiumi  L.  5.  c.  15. 

Haller,  vol.  iii-  &c. 
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is  extinguifLed,  and  that  quantity  of  air  becomes  thereby  in- 
capable to  aflift  combuftion  any  farther.  Thus  if  a candle 
is  introduced  into  a receiver  full  of  air,  that  has  been  con- 
taminated by  the  burning  of  another  candle,  or  of  charcoal,  or 
of  any  other  combuflible  matter,  it  is  extinguifhed  imme- 
diately 

Air  is  diminifhed  by  the  procefs  of  combuftion;  fo  that  if 
a piece  of  charcoal  b burned,  by  throwing  the  focus  of  a lens 
on  it,  when  contained  in  a glafs  receiver  inverted  in  water ; 
after  that  the  apparatus  is  grown  cold,  the  water  will  be  feen 
to  mount  a fhort  way  up  the  receiver.  This  diminution  is 
limited,  though  its  quantity  depends  upon  feveral  circum- 
ftances.  Dr.  Hales  has  obferved,  that  in  equal  receivers  the 
air  fuffered  a greater  diminution  by  burning  large  candles  than 
fmall  ones ; and  alfo,  that  when  equal  candles  were  uled,  the 
diminution  was  comparatively  greater  in  fmall  than  in  large 
receivers.  The  caufe  of  this  phenomenon  is,  probably,  be- 
caufe  the  air  contained  in  a receiver  cannot  all  come  into 
contad:  with  the  flame  of  the  candle;  hence,  as  foon  as  the  air, 
which  is  neareft  to  the  flame,  becomes  contaminated,  the 
candle  is  extinguilhed.  Thus  the  author  of  a concife  treatife 
on  the  various  kinds  of  permanently  elaftic  fMids^  has  dimi- 
niflied  the  air  of  an  inverted  receiver  of  one  flxth  part,  by 
moving  the  candle,  whilft  it  burned,  through  the  diflerent 
parts  of  the  receiver,  fo  as  to  bring  the  flame  into  contad 

* Dr.  Desaguliers  obferved,  that  air  which  had  pafTed  through  burning  coals 
extinguilhed  flame  immediately. 
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with  more  of  the  confined  air,  than  if  the  candle  had  re- 
mained ftill  in  one  fituation  till  it  became  extindl;  whereas 
Dr.  Mayow  obferved,  that  by  the  burning  of  a candle  the  air 
was  diminifhed  of  one  thirtieth  only;  Dr.  Hales  found  it  to 
be  diminifhed  of  one  twenty-fixth  part;  and  Dr.  Priestley 
found  it  to  bediminiihed  of  one  fifteenth,  or  fixteenth. — Mr. 
Cavendish  obferved,  that  air  fuffered  a diminution  of  one 
tenth  of  the  whole  quantity,  by  pafling  through  an  iron  tube 
filled  with  red-hot  powder  of  charcoal.  A candle,  or  any 
other  combuflible  body,  will  ceafe  to  burn  by  itfelf,  and  con'- 
fequently  to  contaminate  a quantity  of  confined  air  much- 
fooner  than  when  it  is,  in  fome  manner,  forced  to  burn  by 
the  external  application,  of  heat,  “ The  focus  of  a burning 
“ mirror,’*  fays  Dr.  Priestley,  “ thrown  for  a fufiicient 
time  either  upon  brimftone  or  wood,  after  it  has  ceafed  to 
“ burn  of  its  own  accord,  and  has  become  charcoal^  will  have 
“ a much  greater  efiFedt  of  the  fame  kind,  diminifhing  the  air 
‘‘  to  its  utmoft  extent,  and  making  it  thoroughly  noxious 
The  combufiion  of  the  phofphorus  of  urine  diminifiies  air  in 
a great  degree.  Mr.  Lavoisier  has  obferved,  that  by  the  com- 
buftion  of  phofphorus,  air  may  be  diminifhed  of  about  one 
fifth,  or  one  fixth.  This  accurate  philofopher  has  alfo  obferved, 
that  the  acid  of  phofphorus,  thus  formed,  acquires  the  weight 
loft  by  the  diminifhed  air  ; finding  that  about  three  inches, 
of  air  were  abforbed  by  every  one  grain  of  phofphorus,  when 


* Exper.  and  Obferv.  vol.  i.-  p7  47. 
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the  experiment  was  tried  with  a receiver  inverted  in  water, 
upon  the  furface  of  which  a fmall  quantity  of  oil  had  been 
introduced;  but  when  the  receiver  was  inverted  in  quickfilver, 
the  abforbtion  was  conftantly  between  2 ^ and  2 i inches  for 
each  grain*.  I have  often  repeated  the  experiment  of  burn- 
ing phofphorus  in  a glafs  tube  inverted  in  water,  by^ap- 
plying  the  clofed  part  of  the  tube,  wherein  the  phofphorus 
was  contained,  to  a pretty  ftrong  fire,  and  have  always  ob- 
lerved,  that  the  utmofi:  diminution  of  the  inclofed  air,  effeded 
by  this  means,  was  full  one  fifth. 

Dr.  Hales  remarked,  that  after  the  extindion  of  candles 
in  a receiver,  the  air  continued  to  diminifii  for  feveral  days 
after. — This  may  be  owing  to  the  gradual  abforbtion  of 
part  of  it  by  the  water;  it  having  been  remarked  by  Dr. 
Priestley,  that  this  diminution  of  air  by  burning  is  not 
“ always  immediately  apparent,  till  the  air  has  pafled  feveral 
“ times  through  water;  and  that  when  the  experiment  was 
‘‘  made  with  vefTels  ftanding  in  quickfilver  inftead  of  water, 
“ the  dimintition  was  generally  inconfiderable  till  the  air  had 
“ pafled  through  water -t.” 

In  thefe  experiments  of  burning  combuftible  bodies  in  a 
quantity  of  air,  and  meafuring  the  diminution,  we  fhould 
always  remark  two  caufes  of  miftake,  viz.  the  abforbtion  of  air 
by  the  coaly  refiduum  of  the  burned  matter,  which  fometimes 
is  very  confiderable,  or  by  the  fluid  in  which  the  receiver  is 

* Lavoisier’s  Eflays,  phyfical  and  chemical,  p.  378,  and  following, 
t Exper.  and  Obferv.  vol.  i.  p.  46. 
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inverted ; and  the  produdlion  of  elaftic  fluid  from  the  burning 
fubftances:  thus  gunpowder  generates  a great  quantity  of 
elaftic  fluid,  when  inflamed,  &c. 

■ Air,  which  has  been  ufed  for  combuftion,  precipitates 
the  lime  in  lime-water  ; which  fhews,  that  by  the  a£t  of 
combuftion  fome  fixed  air  is  generated,  or  at  leaft,  it  muft: 
be  fome  other  fluid  capable  of  precipitating  the  lime  like 
fixed  air. 

Thus  we  have  enumerated  the  phenomena  of  combuftion 
in  air;  we  muft  next  endeavour  to  explain  their  caufes;  ex- 
amining the  moft  probable  hypothefes  hitherto  offered^ 

That  combuftible  bodies,  by  the  a(ft  of  burning,  part  with 
their  phlogifton,  is  evident,  lince  the  refiduum  which  they 
leave  behind  after  combuftion  retains  very  little  of  that 
principle.  The  air  in  which  bodies  have  been  burning,  is 
unfit  for  the  combuftion  of  other  bodies,  exactly  as  the  air 
that  has  ferved  for  refpiration,  and  which  has  been  fhewn  to 
be  a phlogiftic  procefs ; hence  it  follows,  very  naturally,  that 
the  phlogifton  feparated  from  thofe  bodies  is  communicated 
to  the  air  ; which  is  therefore  faid  to  be  phlogifticated.  It  has^ 
been  a great  difficulty,  with  many  philofophers,  to  account 
for  the  heat  produced  in  the  combuftion  of  bodies;  fome 
having  attributed  it  to  vibrations,  excited  by  the  cfcape  of  the 
inflammable  principle,  or  by  the  parts  of  the  burning  body ; 
others  confidering  that  heat,  or  the  elementary  fire,  of  which, 
however,  they  had  no  clear  notion,  being  difperfed  throughout 
the  univerfe,  v/as  put  in  adion  by  the  burning  bodies ; others^ 

again, 
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again,  confounding  heat  and  fire  with  light,  formed  an  unin- 
telligible hypothefis:  in  (hort,  various  have  been  the  opinions 
concerning  this  great  natural  phenomenon ; but  none  has  fo 
much  the  appearance  of  truth,  and  feems  fo  fatisfadlory  to 
the  mind,  as  Dr.  Crawford’s  explanation;  which  I £hall  here 
fubjoin  in  his  own  words. 

“ From  the  above  experiments  we  learn,  that  atmofpheri- 
“ cal  air  contains  much  abfolute  heat;  that  when  it  is  con- 
“ verted  into  fixed  and  phlogifticated  air,  the  greater  part  of 
“ this  heat  is  detached;  and  that  the  capacities  of  bodies  for 
“ containing  heat  are  diminifiied  by  the  addition  of  phlo- 
“ gifton,  and  increafed  by  the  feparation  of  it.  From  hence 
we  infer,  that  the  heat  which  is  produced  by  combuftion^ 
‘‘  is  derived  from  the  air,  and  not  from  the  inflammable 
“ body. 

“ For  inflammable  bodies  abound  with  phlogifton,  and 
contain  little  abfolute  heat;  atmofpherical  air,  on  the  con- 
“ trary,  abounds  with  abfolute  heat,  and  contains  little 
“ phlogifton.  In  the  procefs  of  inflammation,  the  phlogifton- 
“ is  feparated  from  the  inflammable  body,  and  combined  with 
“ the  air;  the  air  is  converted  into  fixed  and  phlogifticated 
“ air,  and  at  the  fame  time  gives  off  a very  great  proportion 
“ of  its  abfolute  heat,  which,  when  extricated  fuddenly, 
“ burfts  forth  into  flame,  and  produces  an  intenfe  degree  of 
fenfible  heat.” 

And  a few  lines  after  he  fays,. 

It  is  manifeft,  on  the  contrary,  that  no  part  of  the  heat 
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can  be  derived  from  the  combuftible  body  ; for  the  com- 
'buftible  body,  during  the  inflammation,  being  deprived  of  its 
‘‘  phlogifton,  undergoes  a change  flmilar  to  that  which  is 
“ produced  in  the  blood,  by  the  procefs  of  refpiration;  in 
confequence  of  which,  its  capacity  for  containing  heat 
“ is  increafed.  It,  therefore,  will  n.ot  give  oif  any  part  of  its 
abfolute  heat,  but,  like  the  blood  in  its  paffage  through  the 
“ lungs,  it  will  abforb  heat 

I fhall  here  add  another  explanation  of  combuftion,  which 
does  not  feem  to  be  very  fatisfadlory;  yet  I think  it  neceflTary 
to  mention  it  in  this  place,  flnce  its  author,  Mr.  Scheele, 
is  a late  writer  of  great  reputation  in  the  philofophical 
world. 

The  reader  mufl:  flrfl:  be  informed,  that  this  author  fup- 
pofes  that  the  common  atmofpheric  air  is  compounded  of  two 
elaftic  fluids,  namely,  one  that  has  no  attraction  to  phlogiflon, 
and  another  which  is  dephlogiflicated  air,  by  him  called 
ejnpyreal  air^  which  has  a ftrong  attraction  to  phlogifton,  and 
which  makes  between  a third  and  a fourth  part  of  the  whole 
bulk  of  air.  His  theory  is  exprefled  in  the  following  eight 
propofltions, 

“ I.  To  every  combuftible  body  a certain  quantity  of  heat 
‘‘  mufl:  be  communicated,  in  order  to  fet  if  in  the  fiery 
“ commotion. 

“ 2.  Then  it  is  enabled  to  part  with  its  phlogifton,  pro- 
vided  there  be  a fubftance  prefent,  which  has  a ftronger 

!!  Exper.  and  Obfer.  on  animal  heat,  p.  76. 
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attradlion  to  the  inflammable  than  that  with  which  it  was 
before  in  union. 

“3.  If  the  heating  is  done  in  the  open  air,  the  empyreal 
“ air  has  the  ftronger  attradion. 

“ 4.  Immediately  after,  the  inflammable  principle  muft 
‘‘  come  out  and  unite  with  the  empyreal  air,  and  thus  be  fet 
“ at  liberty. 

“ 5.  From  this  union  heat  is  compounded;  which  adheres 
‘‘  to  foul  air,  expands  it,  and  rifes  according  to  hydroflatical 
“ principles. 

6.  Scarcely  is  this  heat  generated,  when  the  combuftible 
“ body  is  ftill  more  expanded  by  it  than  in  the  beginning, 
“ and  its  phlogifton  is  more  laid  open, 

“ 7.  Empyreal  air  comes  in  contad  with  more  phlogiflon, 
“ and,  according  to  its  nature,  forms  an  union  with  a greater 
“ quantity  of  it,  which  caufes  radiant  heat. 

8.  And  at  that  very  moment  the  integrant  parts  of  the 
combuflible  body  are  fo  much  difunited  by  the  ftill  in- 
“ creaflng  heat,  that  the  empyreal  air  continuing  to  pour 
upon  it  in  ftreams,  attrads  the  phlogifton  in  ftill  greater 
“ quantities;  and  hence  (that  wonderful  phenomenon)  the 
“ moft  elaftic  fubftance.  Lights  is  compofed ; which,  accord- 
“ ing  to  the  quantity  of  combuftible  matter,  has  various: 
^ colours 

The  reader  may  eaflly  difcern.  in  this  theory  fome  ideas: 

? Schiele’s  Exper.  on  Air  and  Fire,  p,  iii; 
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that  come  very  near  to  that  of  Dr.  Crawford  ; though  upon 
the  whole  it  is  quite  a different  thing. 

The  elaftic  fluid,  which  being  formed  in  the  adl  of  com- 
buftion,  is  abforbed  by  water,  and  precipitates  the  lime  in 
lime-water,  feems  to  be  fixed  air,  or  calcareous  gas  ;'  for  they 
agree  in  all  their  hitherto-obferved  properties,  viz.  they  are 
fpecifically  heavier  than  common  air,  they  precipitate  the 
lime  in  lime-water,  they  are  mifcible  with'  water,  and  they 
give  manifeft  figns  of  acidity ; for  the  water  that  has  imbibed 
a confiderable  quantity  of  it,  turns  the  blue  juice  of  radiChes 
into  red.  But  the  difficulty  confifts  in  afcertaining  the  origin 
of  this  gas,  viz.  whether  it  proceeds  from  the  air,  or  from  the 
combuftible  body,  or  is  formed  in  the  adt  of  combuftipn 
by  the  mixture  of  fome  of  thofe  principles,  which  are  in  that 
procefs  feparated  from  both  the  air  and  combuftible  body. 
Dr.  Priestley  feems  to  have  afcertained,  that  this  gas,  or 
fixed  air,  cannot  be  produced  by  merely  heating  the  inflam- 
mable body,  without  adlual  combuftion  ; for  when  he  diredled 
the  focus  of  a burning-glafs  upon  pieces  of  charcoal  contained 
in  receivers,  inverted  in  lime-water,  and  filled  with  inflam- 
mable or  nitrous  air,  or  any  kind  of  diminifhed  air,  and 
confequentiy  unfit  to  affift  combuftion,  no  lime  was  preci- 
pitated fays  the  DoEior^  furnifhes  another,  and, 

I think,  a pretty  decifive  proof,  that,  in  the  precipitation 
of  lime  by  charcoal,  the  fixed  air  does  not  come  from  the 

* Exper.  and  Obfer,  vol.  i.  p.  136. 
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charcoal,  but  from  the  common  air.  Otherwife  it  is  hard 
“ to  aflign'  a reafon,  why  the  fame  degree  of  heat  (or  at  leafl: 

a much  greater)  (hould  not  expel  the  fixed  air  from  this 
“ fubfiance,  though  furrounded  by  thofe  different  kinds  of 
“ air,  and  why  the  fixed  air  might  not  be  tranfmitted  through 
them  to  the  lime-water.” 

Thus  the  Dodlor  feems  inclined  to  think,  that  a quantity 
of  fixed  air  exifts  in  common  refpirable  air,  which,  in  the  a<5t 
of  combuflion,  is  feparated  from  it.  But  yet  it  feems  not 
improbable,  that  the  fixed  air  may  be  formed  by  the  combina- 
tion of  part  of  the  phlogifton  difcharged  from  the  burning 
body,  with  fome  other  principle  exifting  in  common  air;  for 
we  are,  as  yet,  uncertain  whether  fixed  air  is  a fimple  or 
a compound  fubfiance;  but  we  fhall  examine  this  fubjed: 
more  particularly  when  we  come  to  treat  of  the  nature  of 
fixed  air. 

The  calcination  of  metals  and  femi-metals,  being  a phlo- 
gifi:ic  procefs,  requires  the  prefence  of  common  or  refpirable 
air  ; without  which  it  cannot  be  effeded.  A metallic  fub- 
ftance  confined  in  a quantity  of  air,  and  there  fufficiently 
heated  by  a burning  lens,  or  otherwife,  is  calcined,  viz.  it 
lofes  its  metallic  appearance,  and  is  reduced  into  a calx,  in 
which  ftate  it  is  heavier  than  when  it  was  in  a metallic  form. 
The  air,  at  the  fame  time,  becomes  phlogifiicated,  viz.  unfit 
for  refpiration,  combufiion,  &c.  and  is  diminifhed  in  bulk ; 
but,  different  from  the  air  phlogifiicated  by  burning  bodies, 
it  does  not  occafion  any  precipitation  of  lime  in  lime-water. 
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The  calcination  of  metals  in  a given  quantity  of  air  is 
limited,  fo  that  it  cannot  be  carried  on  beyond  a qertain  de- 
gree, which  is  proportionate  to  the  quantity  and  purity  of  the 
air  employed.  Thus  that  excellent  philofopher,  Father 
Beccaria,  having  inclofed  lead  and  tin  filings  in  veflels 
which  were  afterwards  fealed  hermetically,  and  in  this 
manner  having  expofed  them  to  a fufiicient  degree  of  heat, 
obferved  that  a part  only  of  the  faid  metals  could  be  cal- 
cined, which  part  was  greater  or  lefs  according  to  the  greater, 
or  lefs  quantity  of  air  contained  in  the  veflels*. 

Mr.  Lavoisier  alfo  endeavoured  to  calcine  metals  in  con- 
fined air,  by  means  of  a large  burning-glafs,  which  was  not 
lefs  than  3 3 inches  in  diameter ; and  found  that  only  a fmali 
quantity  of  metal  was  calcined  during  the  firfl:  4 or  5 
minutes ; after  which,  the  continuation  of  that  intenfe  heat, 
even  for  half  an  hour,  had  no  other  efiedt,  than  that  of  keep- 
ing the  metal  in  a fluid  ftate  •f'. 

The  remarkable  phenomenon  of  the  metals  acquiring 
weight  by  calcination,  and  of  the  air  being  at  the  fame  time 
diminifhed  in  bulk,  may  naturally  ind;uce  one  to  fufpejfl:,  that 
the  metals  abforb  part  of  the  air  in  the  adf  of  calcination;, 
but  the  well-contrived  and  accurate  experiments  of  Mr. 
Lavoisier  put  this  matter  out  of  all  doubt.  Indeed,  one 
Jean  ILey,  in  an  effay  writtencexprefsly  on  the  fubjedl,  in  the 
year  1630,! was  the  firfl:  who  attributed  the  acquifition  of 


de  I’Academy  de  Turin,  ii. 

■ t Lavoisier’s  Eflays,  part  ii.  cn^p.  vi. 

I 


weight,, 


and  other  permanently  elajlic  Fluids,  411 

weight,  by  calcining  metallic  fubftances,  to  the  abforbtion  of 
air.  Hefuppofes,  tjiat  only  the  denferpart  of  the  air  adheres 
to  the  metallic  calxes,  while  the  more  fubtile  aerial  particles 
are  feparated  from  it  in  the  ad:  of  calcination.  Dr. 
Priestley,  having  fufpended  pieces  of  tin  and  of  lead  Tn 
given  -quantities  ,of  air,  and  having  direded  the  focus  of  a 
burning  lens  upon  them,,  obferved  that  the  air  was  thereby 
.diminifhed  of  one  fourth;  in  which  dirninilhed  date  it  did 
not,  effervtfce  with  nitrous,  air,  it  was  noxious  to  animals,  and 
it  was  incapable  of  being  farther  diminidied  by  a mixture  of 
iron-filings  and  brimftone  ; which  compofition,  being  a real, 
though  flow  kind  of  calcination,  does  alfo  diminifh  refpirable 
air.  Wafhing,  or  agitating  in  water,  the  Dodor  obferves, 
purified,  in  great  meafure,  this  contaminated  air.  In 
this  experiment  the  air  w^s  obferved  to  be  equally  afi'eded  by 
the  calcination  of  tin  or  lead ; in  both  which  cafes  the  water, 
in  which  the  receivers  were  inverted,  acquired  a yellowifh 
tinge,  and  that. a thin,  whitifii  pellicle  covered  the  furface  of 
it,  as  well  as  the  furface  of  the  receivers.  When  the  receivers 
were  inverted  in  lime-water,  inftead  of  common  water,  no 
precipitation  took  place,  though  the  lime-water  acquired  a 
peculiar  fmell,  as  well  as  tafie  and  .colour.  When  the  re- 
ceivers were  inverted  in  quickfilver,  the  diminution  of  the  air 
occafioned  by  the  calcination  was  only  of  one  fifth;  and  by 
admitting  water  above  the  furface  of  the  quickfilver,  no  far- 
ther diminution  of  the  air  enfued.-.  Hence,  the  Dodor  is  led 
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to  fuppofe,  that  the  fubftance  abforbed  by  the  metallic  calxes 
is  fixed  air. — We  fhall  obferve  hereafter,  that  this  confequence 
does  not  neceffarily  follow. 

Dr.  Priestley  having  attempted  to  calcine  metals  in  fixed 
afr,  inflammable  air,  and  other  kinds  of  elaftic  fluids  that 
were  quite  unfit  for  refpiration  and  combuftion,  could  not 
accomplifh  it ; though  he  remarks  that  a flight  calcination  of 
metal  can  take  place  in  air  phlogifticated  by  burning  char*- 
coal.  ‘‘  It  fhould  feem,”  fays  he^  “ that  phlogifton  is  re- 
“ tained'  more  obftinately  by  charcoal  than  it  is  by  lead  or 
“ tin  ; for,  when  any  given  quantity  of  air  is  fully  faturated 
“ with  phlogifton  from  charcoal,'  no  heat,  that  I have  yet 
“ applied’,  has  been  able  to  produce  any  more  effedl  upon  it  ; 

whereas,  in  the  fame  circumftances,  lead  and  tin  may  ftill 
“ be  calcined,  at  leaf!:  be  made  to  emit  a copious  fume,  in 
“ which  fome  part  of  the  phlogifton  may  be  fet  loofe. 

“ The  air,  indeed,  can  take  no  more  ; but  the  water 
“ receives  it,  and  the  fides  of  the  phial  alfo  receive  an  ad- 
“ dition  of  incruftation.  This  is  a white  powdery  fubftance, 
“ and- well  deferves  to  be  examined  *.’* 

Mr.  Lavoisier,  undertaking  to  examine  this  fubjecft  with 
the  moft'  fcrupulous  attention,  begins  his  experimental  in- 
quiry from  the  following  general  obfervations.  “ Firft,” 
fays  hey  The  calcination  of  metals  cannot  take  place  in 
veflels  clofely  flopped,  and  exhaufted  of  air.  Secondly,  It  is 
^ proportionably  the  more  readily  performed,  as  a greater 

* Exper.  and  Obfer.  vol.  i.  part  i.  re<ft.  8. 
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extent  of  furface  in  the  metal  is  expofed  to  the  air, 
“ Thirdly,  It  is  a fadl  known  to  all  the  metallurgifts,  and 
‘‘  obferved  by  all  thofe  who  have  been  converfant  in  the 
“ operations  of  allaying  metals,  that  in.  every  reduAion,  there 
“ is  an  elFervelcence  at  the  moment  the  metallic  fubftance 

pafles  from  the  ftate  of  a calx  to  that  of  a metal ; now  an 
“ effervefcence  is  commonly  no  more  than  a feparation  of 
^ elaftic  fluid  j the  calx  therefore  contains  an  elaftic  fluid, 
“ under  a fixed  form,  which  recovers  its  elafticity  at  the 
“ inftant  of  reduAion-f.” 

The  firft  object  of  his  experiments  was,  to  demonftrate 
the  exiftence  of  a certain  fubftance  in  metallic  calxes,  which 
aflumed  the  form  of  permanently  elaftic  fluid,  when  thole 
calxes  were  reduced.  To  this  effecft,  he  reduced  fome 
minium,  or  red  lead,  under  a receiver  inverted  in  water  by 
mixing  it  with  powdered  charcoal,  and  heating  it  by  means 
of  a large  burning-glafs  ; he  alfo  reduced  the  minium,  by  the 
addition  of  charcoal,  in  an  iron  retort,  the  mouth  of  which 
went  under  a glafs  receiver  filled  with  and  inverted  in  v/ater, 
the  retort  being  heated  in  a common  furnace ; and  he  re- 
duced it  alfo  in  a new  and  clean  gun-barrel,  uling  it  inftead 
of  the  retort:  by  which  experiments  he  conftantly  found 

t Effays  Phyfical  and  Chemical,  part  ii.  chap.  v. 

X Mr.  Lavoisier  ufed  to  introduce  a fmall  quantity  of  oil  upon  the  furface 
of  the  water  within  the  inverted,  receiver,  in  order  to  prevent  the  elaftic  fluid 
having  immediate  contadl  with  the  water,  or  being  abforbed  by  it. — This  oil  he 
introduced  by  means  of  an  incurvated  funnel,  Plate  III.  fig.  y*  the  ufe  of  which 
may  be  conceived  by  merely  infpeding  the  figure. 
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that  a quantity  of  elaftic  fluid  was  produced,  which  was  pro- 
portionable to  the  quantity  of  reduced  metallic  calx.  The 
following  is  the  calculation  of  one  of  his  experiments;  the 
refults  of  the  reft  importing  nearly  the  fame.  ^ 

> ..  oz.  dra.  gr- 

Of  minium  - - - -600 

Of  charcoal  powdered  and  lifted  - 060 

Thefe  ingredients  were  put  into  the  iron  retort,  in  order 
to  reduce  the  metallic  calx ; and  after  the  redudion,  the  whole 
reftduum  that  was  taken  out  of  the  retort,  viz. 

The  lead  and  fome  charcoal,  weighed  - 5 7^^ 

Confequently  they  had  loft  by  the  redudion  066 

The  quantity  of  elaftic  fluid  produced  in  this  redudion 
was  560  cubic  inches;  but  the  bulk  of  the  reduced  lead 
was  about  ^ of  a cubic  inch ; therefore  minium  contains  a 
quantity  of  elaftic  fluid  747  times  the  bulk  of  the  metal  out 
of  which  it  originated. 

Confldering  that  the  lofs  of  weight,  in  this  redudion,  was 
only  fix  drachms  and  fix  grains,  and  that  the  quantity  of 
produced  elaftic  fluid  was  560  cubic  inches,  this  elaftic  fluid 
could  not  be  atmofpheric  air;  for  560  cubic  inches  of  it 
would  have  weighed  about  3 drachms  and  41  grains;  it  muft 
therefore  be  an  elaftic  fluid  fpecifically  heavier  than  common 
air.  Upon  the  fuppofition  that  this  difeharged  elaftic  fluid  was 
as  heavy  as  calcareous  gas,  or  fixed  air,  560  cubic  inches  of  it 
would  have  weighed  lefs  than  6 drachms  and  6 grains. 
But  the  author  attributes  this  want  of  weight  principally  to  a 

2 fmall 
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fmall  quantity  of  phlegm,  which  is  contained  in  minium,  and 
which  he  found,  by  making  the  experiment  with  a common 
apparatus  for  diftillation,  was  feparated  from  it  in  the  a6t 
of  redudion. 

Left  the  production  of  elaftic  fluid,  in  the  reduction  of 
minium  by  the  addition  of  charcoal,  fhould  be  attributed  to 
the  charcoal  rather  than  to  the  minium,  the  ingenious  author 
heated  charcoal  only  in  the  clean  gun-barrel,  the  mouth  of 
which  went  under  the  inverted  receiver  as  ufual ; but  found 
that  the  elaftic  fluid  yielded  by  this  fubftance  was  very  frnall : 
fo  that  the  production  of  elaftic  fluid,  in  the  above-mentioned 
experiment  of  the  reduction  of  minium,  muft  be  almoft  en- 
tirely attributed  to  the  minium. 

Mr.  Lavoisier  next  proceeds  to  demonftrate,  experimen- 
tally, the  reverfe  of  the  above-eftabliflied  law,  viz.  that 
whenever  metals  are  calcined,  an  abforbtion  of  elaftic  fluid 
takes  place,  and  that  the  calcination  is  nearly  proportional  ta 
that  abforbtion  *.  Having  calcined  tin  and  lead,  both  fepa- 
rately  and  together,  under  a receiver  inverted  in  water,  by 
means  of  the  large  burning-glafs  mentioned  before ; and  after 
that  as  much  of  the  metal  was  calcined  as  it  was  poflibld  in 
that  confined  quantity  of  air,  he  obferved,  when  the  appa- 
ratus was  perfectly  cool,  that  an  abforbtion  of  part  of  the  air 

i 

* Mr.  Lavoisier  was  firft  of  opinion,  that  the  elaftic  fluid  ablorbed  by 
metallic  calxes,  in  the  aeft  of  calcination,  was  the  fame  that  efcaped  from  it  in 
the  a(fl  of  reduction,  nzmt\y,  fixed  airs  but  farther  experiments  afterwards  obliged 
him  to  alter  his  opinion. — Elfays  Phyfical  and  Chemical. 
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v/as  manirefted  by  the  water,  whofe  furface  had  afeended 
above  the  place  it  flood  at  before  the  calcination.  When 
Mr.  Lavoisier  calcined  the  lead  under  a receiver  inverted  in 
mercury,  he  found  that  the  abforbtion  of  elaftic  fluid  was  juft 
equal  to  one  twentieth  of  the  air  contained  under  the  receiver, 
and  that  the  weight  of  this  abforbed  quantity  of  elaftic  fluid 
was  exa(ftly  proportionate  to  the  augmentation  in  weight  of 
the  metallic  calx. 

Having  moiftened  fome  iron  filings  with  diftilled  water,  and 
having  introduced  them  under  an  inverted  receiver,  Mr. 
Lavoisier  obferved,  that  the  bulk  of  the  air  within  the 
receiver  diminifhed  in  proportion  as  the  filings  became  more 
and  more  rufty  ; but  at  the  end  of  two  months  the  abforb- 
tion, which  amounted  to  one  fourth  of  the  air  contained  in 
the  receiver,  ceafed.  Air  thus  diminifhed  was  obferved  by 
Dr.  Priestley  to  be  not  diminifhable  farther  by  nitrous 
air  f. 

Notwithftanding  the  convidion  which  thofe  experiments 
feems  to  be  attended  with,  Mr.  Lavoisier,  in  order  to  avoid 
any  pofTible  objedion  that  might  be  offered  againft  the  above- 
mentioned  theory  of  the  metallic  calxes,  made  the  following 
ingenious  experiment : — He  weighed  a quantity  of  tin,  and 
alfo  a glafs  retort;  then  putting  the  tin  into  the  retort, 
fealed  the  mouth  of  it  hermetically.  In  this  manner  he 
expofed  the  apparatus  to  a proper  degree  of  heat,  in  order  to 


t Exper.  and  Obfer.  vol.  ii.  p.  182. 
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calcine  the  tin ; but  the  calcination  was  foon  flopped;  the 
quantity  of  air  inclofed  in  the  retort  being  not  fufficient  to  aflift 
the  calcination  of  all  the  quantity  of  tin ; then  the  ingenious 
philofopher,  intermitting  the  operation,  weighed  the  fealed 
retort  with  the  partly-calcined  tin  in  it,  and  found  that  the 
total  weight  was  the  fame  as  before;  but  having  broke  open 
the  retort,  and  taken  the  partly-calcined  tin  out  of  it,  weighed 
them  both  feparately,  and  found  that  the  retort  weighed 
exadlly  as  much  as  before,  but  the  tin  was  increafed  in 
weight;  this  increafe  of  weight,  therefore,  was  certainly 
owing  to  the  abforbtion  of  air^.  Thus  it  was  compleatly 
demonftrated  that  the  air,  which  had  long  been  conlidered  as 
a neceffary  though  mechanical  agent  in  this  procefs,  was  a 
neceffary  chemical  ingredient,  part  of  which  was  abforbed  by 
the  calx  of  a metal,  whilft  the  other  part  was  combined  with 
the  phlogifton  which  elcaped  from  the  metal  in  the  procefs  of 
calcination. 

The  nature  of  this  elaftic  fluid,  difcharged  by  metallic 
calxes,  remains  to  be  examined  ; but  this  will  be  done  in 
a more  proper  place  of  this  work. 

Befides  the  above-mentioned  particular  procefles,  air  is 
contaminated  and  diminifhed  by  the  action  of  various  other 
fubftances,  viz.  by  fulphur,  by  lime  mixed  with  water,  by 
lime  mixed  with  fait  ammoniac,  by  lime  mixed  with  acids, 
by  iron  mixed  with  volatile  alkali,  by  copper  mixed  with 

• Hift.  de  I’Acad.  pour  TAnne  1774. 
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volatile  alkali,  by  lead  mixed  with  vinegar,  by  liver  of  ful- 
phiir,  and  others,  which  we  lhall  examine  gradually.  In  this 
phenomenon  of  the  air  being  diminilhed,  it  muft  be  generally 
obferved,  that  the  diminution  of  the  air  is  always  attended 
with  a contamination  of  the  fame  5 fo  that  air  which  has  been 
diminilhed  by  any  proc^fs,  muft  be  conftdered  to  be  much 
lefs  pure  than  it  was  before  its  having  been  diminifhed ; and 
when  a quantity  of  air  has  been  fo  far  diminiftied,  that  it  is 
no  longer  diminifhable  by  thofe  procefles  which  are  wont  to 
diminifh  common  air,  it  fhould  then  be  conftdered  to  be  very 
impure,  and  unfit  for  refpiration,  for  combuftion,  8cc.  every 
experiment  hitherto  made  feeming  to  eftablifh  this  law. 
Indeed,  in  fome  cafes,  the  diminution  of  the  air  is  not  pro« 
portionate  to  the  degree  of  its  contamination ; thus  air  in 
which  charcoal  is  extinguifhed  is  diminifhed  furpiifingly,  yet 
the  remaining  quantity  of  it  is  not  found  to  be  more  noxious 
than  when  it  is  aded  upon  by  various  other  fubftances, 
which  do  not  diminifh  it  nearly  fo  much.  This,  however, 
is  owing  to  a remarkable  property  of  charcoal,  which  is  that  of 
abforbing  a prodigious  quantity  of  air,  of  which  we  ftiall  take 
particular  notice  in  the  next  Part  of  this  book.  Thus,  alfo, 
air  is  abforbed  by  water,  &c. 

It  was  common  among  the'  philofophers  of  the  laft  age  to 
fay,  when  air  had  been  diminifhed  by  combuftion,  refpiration, 
or  other  procefs,  that  its  fpring  was  weakened ; by  which 
they  meant,  that  the  repulfion  between  the  particles  of  air 
being  diminifhed,  the  ufual  preflure  of  the  atmofphere  con- 
fined 
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fined  it  in  a fmaller  fpace,  viz.  dhninijhed  it.  From  this 
fuppofition  it  muft  neceflarily  follow,  that  diminifiied  or 
contaminated  air  fiiould  be  fpecifically  heavier  than  common 
air;  but  feveral  accurate  experiments,  lately  made,  fhew  that 
phlogifticated  air  is  fpecifically  lighter  than  good  common 
air;  hence  the  old  opinion  of  the  air’s  elafticity  being 
weakened  muft  be  rejedled,  and  its  diminution  muft  be 
attributed  to  fome  other  caufes;  which  in  general  may  be 
confidered  to  be  either  the  abforbtion  of  air  by  the  very 
fame  fubftances  which  phlogifticate  it,  or  to  the  feparation 
of  fixed  air  from  it,  or  of  that  fubftance,  whatever  it  is, 
which  forms  the  fixed  air  obtained  in  feveral  cafes  in  which 
the  air  is  diminifhed,  and  which  fixed  air,  confidered  by 
itfelf,  is  much  heavier  than  common  air.  Phlogiftication, 
then,  is  fo  far  from  diminifhing  the  elafticity  of  the  air, 
and  rendering  it  fpecifically  heavier,  that,  on  the  contrary, 
phlogifticated  air  is  fpecifically  lighter  than  common  air. 
Dr.  Priestley,  fpeaking  of  the  air  in  which  candles  or 
brimftone  had  burned  out,  fays,  “ After  making  feveral 
“ trials  for  this  purpofe,  I concluded  that  air,  thus  diminifhed 
“ in  bulk,  is  rather  lighter  than  common  air;  which  favours 
“ the  fuppofition  of  the  fixed  air,  or  heavier  part  of  the 
“ common  air,  having  been  precipitated 

And  in  another  place,  he  fays,  “ My  readers  will  have 
“ obferved,  that  not  only  is  common  air  liable  to  be  di- 

* Exper.  and  Obfer.  vol.  i.  p.  46, 
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miniflied  by  a mixture  of  nitrous  air,  but  likewife  afr 
“ originally  produced  from  inflammable  air,  and  even  from 
‘‘  nitrous  air  itfelf,  which  never  contained  any  fixed  air. 
‘‘  From  this  it  may  be  inferred,  that  the  whole  of  the 
“ diminution  of  common  air  by  phlogiflon  ia  not  owing  to 
“ the  precipitation  of  fixed  air,  but  from  a real  contradion 
“ of  its  dimenfions,  in  confequence  of  its  union  with  phlo- 
“ gifton.  Perhaps  an  accurate  attention  to  the  fpecific 
“ gravity  of  air  procured  from  thefe  diflferent  materials,  and 
“ in  thefe  dilFerent  ftates,  may  determine  this  matter,  and. 
aflifl;  us  in  inveftigating  the  nature  of  phlogiflon. 

“ In  what  manner  air  is  diminifhed  by  phlogiflon,  inde- 
“ pendent  of  the  precipitation  of  any  of  its  conflituent  parts, 
“is  not  eafy  to  conceive;  unlefs  air  thus  diminilhed  be 
“ heavier  than  air  not  diminiflied,  which  I did  not  find'  tov 
“ be  the  cafe.  It  deferves,  however,  to  be  tried  with  more 
“ attention..  That  phlogiflon  (hould  communicate  abfolute 
“ levity  to  the  bodies  with  which  it  is  combined,  is  a 
“ fuppofition  that  I am  not  willing  to  have  recourfe  to, 
“ though  it  would  afford  an  eafy  folution  of  this  dif- 
“ ficulty 

Dr.  Priestley,  in  his  firfl  experiments  on  the  fpecific 
gravity  of  elaflic  fluids,  made  ufe  of  a Florence-flaflc,  into 
which  the  required  elaflic  fluid'  was  introduced  by  firfl 
filling  the  flafk  with  water,  in  the  ufual  manner ; then  he 

* Exper.  and  Obfer.  vol.  i.  p.  267. 
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weighed  the  flaik,  with  the  contained  elaftic  fluid,  in  a pair  of 
fcales.  But  the  Dodor,  juftly  obferving  the  errors  to  which 
this  method  might  be  fubjed,  ariling  from  the  drops  of  water 
which  adhere  to  the  inflde  of  the  fl  iik,  fubflituted  a bladder. 

“ fays  he,  “though  this  cannot  be  done  with  pre- 

“ ciflon  in  a bladder,  as  ufed  by  Mr.  Cavendish,  becaufe 
“ the  degree  of  diftention  cannot  be  meajured  with  much 
“ accuracy,  yet  this  circumftance  is  more  than  counter- 
“ balanced  by  being  able  to  change  the  air,  with  comprefling 
“ the  bladder,  without  wetting  it., 

“ I therefore  took  a glafs  tube,  about  nine  inches  long,  and' 
“ faftened  it  to  the  neck  of  a bladder,  which,  with  fuch  a 
“ degree  of  diftention  as  I could  give  it,  in  the  manner  in 
“ which  the  experiment  was  made,  contained  flfty-fivc  ounce 
“ meafures,  or  one  penny- weight  nine  grains,  of  common  air. 
“ The  tube  was  fo  faftened,  that  I could  take  it  out  at 
“ pleafure ; and  having  the  bladder  thus  prepared,  I care- 
fully  comprefled.  it,  then  filling  it  in  part  with  that  kind  of 
“ air  which  I was  about  to  weigh,  I comprefled  it  again,  and 
“ then  filled  it  intirely ; fo  that  I was  pretty  confident  that 
“ the  air  within  the  bladder  contained  very  little  common,, 
“ or  any  other  kind  of  air.  In  this  manner  I proceeded  to- 
“ weigh  dephlogifticated  air,  and  at  the  fame  nitrous  air „ 

“ and  air  phlogificated  with  iron  flings  and  briniflone^  which 
“ 1 take  for  granted  is  the  fame  thing  with  air  phlogifticatedi 
“ by  any  other,  procefi.. 
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“ The  following  (hort  table  exhibits  the  refult  of  all  thefe 
experiments  at  one  view 

‘‘  The  bladder  filled  with  phlogifticated  air  dwts.  gr. 
weighed  - - - - 715 


C( 


C( 


C( 


nitrous  air 
common  air 
dephlogifticated  air 


7 16 
7 17 
7 19 


Mr.  Fontana,  towards  the  latter  end  of  the  year  1779, 
communicated  to  me  a-  method  of  determining  the  fpecihc 
gravities  of  different  elaftic  fluids,  which  he  had  very  lately 
ufed,  and -which  is  certainly  fuperior  to  any  other  pradifed 
before.  This  method  is  as  follows: — H fig.  IX,  of  plate  III. 
'is  a globular  glafs  veffeh,  of  about  four  inches  in  diameter,  to 
‘whofe  neck  a metal  flop-cock  is  cemented.  The  aperture, 
which,  through  the  flop- cock,  communicates  with  the  infide 
of  the  veffel,  is  very  fmall,  as  about  one  fortieth  of  an  inch, 
or  rather  lefs,  and- the  whole  is  made  very  light.  D F is  a 
glafs  veffel,  to  the  open-top  of  which  another  flop-cock  j is 
■ fitted,  to  which  the  veffel  is  adapted  by  a fcrew.  The 
aperture  through  the  flop-cock  D,  of  the  receiver  D F,  is  alfo 
very  narrow.  Now  fuppofe  that  a given  elaflic  fluid  is  re- 
quired to  be  weighed  with  this  inflrument,  for  inflance  fixed 
air.  ■ Tirfl,  the  receiver  D F,  having  the  flop-cock  D clofed,  is 
filled  with  mercury,  and  inverted  in  a bafin  containing  alfo 
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mercury ; then  the  fixed  air  is  introduced  into  it  after 
the  ufiial  manner,  which  occupying  the  upper  part  of  the 
receiver,  will  deprefs  the  quickfilver  as  at  F.  The  quantity 
of  elafiic  fluid  thrown  into  this  receiver  fliould  be  more  than 
that  which  is  fuflicient  to  fill  the  veflel  H.  This  done,  the 
vefl'el  H mufl:  be  fcrewed  to  a good  air-pump  and  the  air 
nuifl:  be  exhanfted  from  it ; after  which  the  flop- cock  is  to 
be  clofed,  and  the  exhaufled  veflel  being  removed  from  the 
air-pump,  mufl  be  fcrewed  to  the  flop-cock  D,  in  the  fituation 
reprefented  by  A B.  Now  both  the  flop-cocks  C and  E being 
opened,  the  fixed  air  contained  in  the  receiver  D F will  rufli 
into  the  veflTel  A.  In  order  to  avoid  the  error,  which  might 
arifc  from  the  pillar  of  mercury  in  the  veflTel  D F,  this  velTel 
fhould  now  be  lowered  fo  far  into  the  quickfilver  of  the  bafin 
G,  that  the  furface  of  the  quickfilver  F might  coincide  with 
the  furface  of  the  quickfilver  in  the  tub  ; then  the  flop-cock 
C being  clofed,  the  veflel  A is  unfcrewed  from  the  veflTel  D F, 
and  is  weighed  in  a nice  pair  of  fcales.  It  is  plain,  that  if 
from  this  weight,  the  weight  of  the  veflel  A,  weighed  when 
exhaufled  of  air,  be  fubtraded,  the  remainder  will  be  the 
weight  of  the  fixed  air  ; which  being  divided  by  the  number 
of  cubic  inches,  to  which  the  capacity  of  the  veflel  is  equal,  the 
quotient  is  the  weight  of  one  cubic  inch  of  fixed  air  -f* **  Thus 

Mr. 


* The  beft  air-pumps  now  made,  are  thofe  conftrufted  after  the  principle  6f 
Mr.  Smeaton.  See  a defcription  of  it  in  the  rfarif  vol.'klvii 

The  quantity  of  common  air  which  always  remains  in  the  veflel  H,  even 
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Mr.  Fontana  tried  the  weight  of  all  the  known  elaftic  fluids, 
and  found,  that  air  phlogifticated  by  faturation  with  nitrous 
air  is  fpecifically. lighter  than  common  air;  for,  according  to 
his  obfervations,  a cubic  inch  of  the  former  weighed  of  a 
grain;  whereas  a cubic  inch  of  the  latter  weighed  ^ of  a 
grain.  Thefe  experiments  were  made  when  the  barometer 
was  at  a mean  height,  and  the  thermometer  flood  at 
temperate. 

This  accurate  method,  therefore,  feems  to  put  it  out  of  all 
doubt,  that  phlogifticated  air  is  lighter  than  common  air.  Pro- 
bably the  fpecific  gravity  of  phlogiflicated  air  is  different, 
according  to  the  various  caufes  that  phlogifticate  the  air,  but 
this  has  not  yet  been  afcertained. 

Lime,  when  mixed  with  water,  was  obferved  by  Dr.  Hales 
to  injure  common  air;  but  I remember  that  Mr.  Fontana, 
fome  time  ago,  flacked  a quantity  of  quick-lime  by  mixing  it 
with  water  under  an  inverted  receiver,  which  was  attended 
with  heat,  ebullition,  and  hilling,  as  ufual ; however,  the  air 
of  the  receiver  was  very  little  affedted  by  it.  Indeed  I fay 
very  little  affedled,  becaufe,  by  the  tafle  of  nitrous  air,  it  ap- 
peared to  be  nearly  as  capable  of  diminution  as  the  other  air 
of  the  room;  yet  it  is  known,  from  common  experience, 
that  to  breathe  air  impregnated  with  particles  of  lime  is 
injurious  to  the  animal  body.  This  is  one  of  the  inflances 

when  a very  good  air-pump  is  ufed,  is  too  fmall  to  occafion  any  fenfible 
error.  Befides,  it  is  a conftant  quantity,  which  can  in  no  cafe  alter  the  compara- 
tive gravities  of  the  different  elaftic  fluids. 


which 
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which  {hew  that  the  tafte  of  nitrous  air  is  infufficient  to 
manifeft  the  wholefomenefs  of  the  air  in  every  cafe,  efpecially 
when  the  noxious  particles  cannot  properly  be  faid  to  be 
combined  with  the  air,  but  only  float  in  it,  as  it  is  evident 
from  their  fubflding  after  a certain  time.  Dr.  Priestley 
obferved,  that  a quantity  of  air  in  a week’s  time  was  not 
fenflbly  afledted  by"  quick-lime.  The  receiver  containing 
the  air  and  the  lime  was  inverted  in  mercury  *. 

Dr.  Hales,  in  his  admirable  book,  entitled,  Fhe  Vegetable 
Statics^  remarks  various  fubftances  which  diminifh,  and  con- 
fequently  contaminate,  or,  as  he  fays,  abforb  air.  The  princi- 
pal of  thefe  are  the  following  ; which,  for  clearnefs  fake,  I 
{hall  exprefs  in  the  form  of  a table. 


Materials  ufed. 


Cubic  inches  of 
air  abforbed. 


A quarter  of  an  inch  of  iron  filings  and  one  cubic 

inch  of  powdered  fulphur  — — 19 

A cubic  inch  of  aqua-fortis  on  an  equal  quantity 

of  powdered  marcafite  or  Walton  pyrites  85 

A cubic  inch  of  aqua-fortis,  with  an  equal  quan- 
tity of  pit-coal,  in  three  days  — — 18 

But  in  three  days  more  remitted  and  generated 
12  cubic  inches. 

Two  cubic  inches  of  quick  lime  with  four  of 

vinegar  — — — — 22 

Two  cubic  inches  of  lime  and  as  much  fal  am- 
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By  the  burning  of  linen  rags  dipped  in  melted 

fulphur,  in  a large  vefTel  — — 198 

In  a fmaller  veflel  — — — 1^0 

Two  grains  of  Runkel’s  phofphorus  — '28 

The  Doctor  alfo  obierves,  that  air  is  injured  by  a mixture  of 
volatile  alkali  mixed  with  iron,  or  with  copper,  by  the  diftil- 
lation  of  aqua-fortis%  and  by  the  fublimation  of  fulphur,  or 
of  volatile  fal  ammoniac. 

This  ingenious  author  was  the  firfl;  who  obferved  the  di- 
minution of  a mixture  of  nitrous  with  common  air;  which 
property  Dr.  Priestley  afterwards  ufed  as  a tefl:  of  the 
wholefomenefs  of  air. 

The  reader  will  naturally  remark,  in  the  above-mentioned 
obfervations  of  Dr.  Hales,  that  the  diminution  was  generally 
occafioned  by  a difcharge  of  phlogifton,  which  evidently  took 
place  in  thofe  experiments. 

Since  Dr.  Hales’s  time,  feveral  of  thofe  elFecflson  refpirable 
air  have  been  more  fatisfadiorily  examined. 

Air,  in  which  animal  fubftances  are  left  to  putrefy,  lofes  its 
property  of  affifling  refpiration,  combuftion,  and  the  other 
proceffes,  for  which  common  air  is  wont  to  be  neceffary. 
Dr,  Priestley  obferves,  that  air  tainted  with  animal  or  vege- 

* Dr.  Priestley  has  obferved,  that  fmoking  fpirit  of  nitre  phlogifticates 
common  air;  but  that  when  the  nitrous  acid  contains  little  phlogifton,  it  then 
takes  fome  from  the  air,  and  confcquently  contributes  to  mend  it  a little,  and 
that  in  a certain  ftate,  it  will  not  produce  any  fenftble  effedt  upon  it.  Exp.  and 
Qijeu  vol.  iii.  fedt.  viii. 
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table  fubftances,  has  the  fame  properties  with  air  tainted  by- 
animal  refpiration;  for  they  equally  extinguiih  flame,  are 
noxious  to  animals,  have  the  fame  offenflve  fmell,  precipitate 
lime  in  lime-water,  and  are  reftored  by  the  fame  means.  It 
is,  however,  to  be  obferved,  that  the  air  may  be  tainted  by 
putrefadlion  in  a much  greater  degree  than  by  refpiration. 
When  an  animal  is  left  to  putrefy  in  a quantity  of  air,  the 
bulk  of  the  air  generally  increafes  for  a few  days,  owing  to 
fome  elaftic  fluid  that  is  difcharged  from  the  body  of  the 
animal ; but  after  a certain  time,  the  length  of  v/hich  prin- 
cipally depends  upon  the  ftate  of  the  body  of  the  animal  and 
the  temperature  of  the  apparatus,  the  whole  quantity  of  air 
will  be  found  to  diminifh  gradually  to  a certain  degree. 
Here  it  is  proper  to  obferve,  that  this  phenomenon  is  fubjed^ 
to  various  alterations,  moflly  owing  to  the  quantity  of  the  air 
and  of  the  animal  fubftance  employed.  For  inflance,  if  you 
put  about  half  a pound  of  flefh,  or  more,  into  an  inverted 
receiver,  which  contains  two  or  three  ounce  meafures  of  air,  the 
bulk  of  the  elaftrc  fluid  wild  certainly  increafe  in  this  cafe, 
becau‘le  fome  elaftic  fluid  is  ph^duced',  which  is  greater  in 
quantity  than  the  diminifhed  portion  of  that  quantity  of 
common  air  that  is  contaii-iednn  the  receiver. 

Dr.  Priestley  obferves,  that  the  elaftic  fluid  difcharged 
from  putrefying  fubftances  ‘‘  feems,  in  fome  cafes,  to  be 
“ chiefly  fixed  air,  with  the  addition  of  fome  other  effluvium; 
which  has  the  power  of  diminifhing  common  air.” 

The  Dodlor.  having  put  a dead  moufe  into  a receiver  filled 
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with  and  inverted  in  qiiicklilver,  obtained  a quantity  of elaftic 
fluid,  which  he  expofed  to  a quantity  of  lime-water  j and  at 
the  fame  time  he  alfo  expofed  a like  quantity  of  fixed  air  to 
a like  quantity  of  lime-water  in  a fimilar  manner ; and  ob- 
ferved,  that  by  both  elaftic  fluids  the  lime-water  was  ren- 
dered alike  turbid,  that  it  rofe  in  the  receivers  equally  high, 
and  that  about  the  fame  quantity  of  either  elaftic  fluid  re- 
mained unabforbed;  which  fliews  the  great  refemblance 
between  fixed  air  and  the  elaftic  fluid  produced  by  putrefac- 
tion of  animal  fubftances.  But  the  Dodlor  remarks,  that  one 
“ of  thefe  kinds  of  air,”  viz.  the  fixed  air,  “ was  exceedingly 
“ fweet  and  pleafant,  and  the  other  infulFerably  olFenfive ; 
“ one  of  them  alfo  would  have  made  an  addition  to  any 
‘‘  quantity  of  common  air,  with  which  it  had  been  mixed, 
“ and  the  other  would  have  diminiflied  it. 

“ Putrid  cabbage,”  he  addsy  “ green  or  boiled,  infers  the 
“ air  in  the  very  fame  manner  as  putrid  animal  fubftances 
The  fame  thing  may  be  faid  of  air  in  which  other  vegetable 
fubftances  are  left  to  putrefy.  Frefli  meat,  even  without  the 
leaft  fign  of  putridity,  phlogifticates  common  air  confiderably, 
and  in  a fhort  time. 

Common  experience  fliews,  that  frefli  paint,  made  of  white 
lead  and  oil,  is  oflenfive ; fo  that  judicious  perfons  generally 
avoid  fleeping  in  rooms  newly  painted.  Dr.  Priestley  ex- 
amining this  matter,  found  that  common  air  was  really 
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injured  by  that  mixture,  as  alfoby  the  common  red-lead  paint; 
for  having  daubed  fome  pieces  of  paper  with  the  faid  paints, 
and  having  put  them  under  receivers,  he  obferved  that  the 
air  within  the  receivers  was  diminiihed  between  one  fifth  and 
one  fourth  in  about  twenty-four  hours.  On  examination,  it 
was  found  to  be  highly  noxious,  it  being  not  diminifhed 
farther  by  nitrous  air,  or  by  a mixture  of  iron-filings  and 
brimftone. 

When  brafs-duft,  inftead  of  fteel  or  iron-filings,  is  mixed 
with  brimftone,  and  the  mixture  is  expofed  to  a given  quan- 
tity of  air.  Dr.  Priestley  obferves  that  the  air  is  neither 
incrcafed  nor  diminifhed  in  bulk  by  it;  but  it  extinguifhes 
flame. 

The  following  obfervations  on  the  diminution  of  air  by 
various  procefles  are  alfo  of  Dr.  Priestley. 

Liver  of  fulphur  diminifhes  common  air  of  about  one 
fifth,  and  renders  it  highly  noxious. 

A cement  made  with  equal  parts  of  common  coarfe  tur- 
pentine and  bees- wax,  diminifhes  the  air  of  about  one  fixth. 

This  fame  fort  of  cement,  when  made  with  a finer  fort  of 
turpentine,  and  alfo  the  common  red  cement  *,  diminifli  the 
air  in  a very  fmall  degree. 

Oil  of  turpentine  has  the  remarkable  property  of  phlogif- 
ticating  common  air,  and  at  the  fame  time  of  abforbing  a 

* This  cement,  which  is  commonly  ufed  for  eledrical  purpofes,  is  made  of 
bees-wax,  rofin,  and  the  powder  of  red  oker. 
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great  quantity  of  it.  If  the  oil  of  turpentine  has  abforbed 
as  much  air  as  it  can,  then  the  effeds  produced  by  it  upon 
more  air,  to  which  it  is  expofed,  is  only  the  phlogiftication  of 
the  fame,  and  the  fmall  diminution,  which  is  the  refult  of 
that  phlogiftication ; otherwife  the  oil  of  turpentine,  when' 
deprived  of  air,  as  it  may  be  done  by  means  of  an  air-pump, 
both  phlogifticates  the  air,  and  abforbs  or  diminifties  it  more 
than  is  elFedled  by  any  other  phlogiftic  procefs  Says 
Dr.  Priestley  “ I have  one  memorandum  of  a quantity  of 
“ oil  of  turpentine  abforbing  five  fixths  of  a quaniity  of 
“common  air  •f'*’’ — Mr.  Boyle  relates,  that  a quantity  of 
“ air  was  totally  abforbed- by  a mixture  of  oil  of  turpentine; 
andfpirit  of  wine  J.” 

Oil  of  mint  and  oil  of  cinnamon  do  allb  phlogifticate 
the  air.  Common  air,  when  agitated  in  fj^irit  of  wine,, 
becomes  phlogifticated  in  a fmall  degree*  Upon  the 
whole,”  fays  Dr.  Priestley,  “ the  effedt  of  fpirit  of 
“ wine  feems  to  be  very  nearly  the  fame  with  that  of  water 
“ upon  common  air,  which  is,  reducing  it  to  a certain  ftand- 
“ ard,  by  depriving  good  air,  and  mending  the  bad,  fo  as  to 
“ bring  both  of  them  a little  lower  than  the  ftandard  of 
“ common  air.  Accordingly  I found,  that  when  I agitated 
“ a quantity  of  common  air,  phlogifticated  with  nitrous  air, 

* Charcoal  abforbs  a much  greater  quantity  of  air  than  oil  of  turpentine. 

■f  Exper,  and  Obfer.  vol.  ii.  fedt.  7. 
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“ in  fpirit  of  wine,  it  was  evidently  mended,  but  not  more 
“ than  it  would  have  been  by  agitation  in  water 

Nitrous  ether  injures  common  air,  but  vitriolic  ether  does 
not  phlogifticate  the  air  ; which  feems  very  remarkable,  when 
we  confider  that  it  is  a very  volatile  and  inflammable  fluid. 
When  a fmall  quantity  of  vitriolic  ether  is  put  into  a receiver 
filled  with  air  and  inverted  in  water,  the  bulk  of  the  air  is 
increafed,  and  about  doubled,  on  account  of  the  elafticity  of 
the  ether  ; but  after  fome  time  the  water  abforbs  the  ether, 
and  the  air  remains  in  the  flate  it  was  before.  By  nitrous 
ether  the  bulk  of  air  is  increafed  of  about  one  flxth  only  -f . 

Quickfllver,  when  heated  in  fuch  a degree  as  to  become  a 
vapour,  phlogifticates  the  air  in  a fmall  but  fenflble  degree. 

Mr.  Canton’s  phofphorus,  and  the  Bolonian  flone,  were 
obfcrved,  by  Mr.  Fontana,  to  phlogifticate  common  air  in  a 
fmall  degree ; but  Mr.  Volta  obferves,  that  the  latter,  when 
good,  produces  this  effedi:  very  quick,  though  the  former  not 
fo  eaflly. 

Kunkel’s  phofphorus  diminifhes  and  contaminates  the  air 
in  a very  great  degree.  Indeed,  when  the  phofphorus,  in  its 
natural  flate,  is  expofed  to  a quantity  of  common  air,  it  phlo- 
giflicates  the  air  very  flowly ; but  when  burning,  it  occaflons 
a very  conflderable  phlogiftication  and  abforbtion  of  air. 
Mr.  L AVoisiER,  who  has  made  feveral  accurate  experiments 
relating  to  this  fubjecfl,  has  afcertained  the  following  par- 
ticulars ; viz.  When  phofphorus  is  fired,  by  means  of  a lens, 

* Exper.  and  Oferv.  vol.  ii.  fedl.  7. 
t Ether  has  the  fame  efFedl  with  other  elaftic  fluids. 
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under  a receiver  inverted  in  water,  upon  the  furfaceof  which  is 
a fmall  quantity  of  oil,  or  in  quickhlver,  the  diminution  of  the 
air  is  fomething  lefs  than  three  cubic  inches  for  every  grain 
of  phofphurus  burned.  In  a quantity  of  air  equal  to  109 
cubic  inches,  about  fix  or  feven  grains  of  phofphorus  can 
only  be  burned.  The  phofphoric  acid  will  be  found  to  be 
heavier  than  the  phofphorus  itfelf  before  combuftion  ; or, 
which  is  the  fame  thing,  a quantity  of  phofphorus  after  com- 
buftion, will  be  found  to  be  heavier  than  before  ; and,  as  the 
common  air  is  diminifhed  by  the  combuftion  of  this  fub- 
ftance,  it  is  natural  to  fuppofe  that  the  increafe  of  weight  is 
owing  to  the  abforbtion  of  air ; but  the  weight  acquired  by 
the  burned  phofphorus,  is  greater  than  the  weight  of  the  di- 
minifhed portion  of  the  air ; therefore  it  follows,  that  in  the 
aft  of  combuftion  the  phofphorus  muft  imbibe  the  heavier 
part  of  common  air.  This  matter  abforbed  from  the  air  Mr. 
Lavoisier  proves  to  be  not  water,  becaufe  air  in  which  phof- 
phorus had  been  burned  was  not  meliorated  fo  as  to  afTift  the 
farther  combuftion  of  phofphorus,  nor  did  it  acquire  the  loft 
bulk  by  the  vapour  of  diftilled  water ; and  alfo  by  examin- 
ing the  fpecific  gravity  of  the  phofphoric  acid,  becaufe  this 
was  found  to  have  acquired  or  imbibed  from  the  air  fome^ 
thing  fpecifically  heavier  than  water  -f . 

Air  is  injured  by  being  expofed  to  the  effluvium  of  liquid 
vegetable  acid  or  concentrated  vinegar.  4:  ^ 

4 Eflays  Phyfical  and  Chemical. 

4 Exper.  and  Obferv.  vol.  i.  p.  27- 
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There  are  various  other  procefles  which  phlogifticate  com- 
mon air,  and  which  might  here  be  enumerated ; fuch  is  the 
firing  of  gunpowder,  the  expofing  diamonds  to  an  intenfc 
heat  the  burning  of  charcoal,  &c. ; but  it  feems  unneccfiary 
to  detain  the  reader  with  the  account  of  all  thole  particulars, 
fince  they  are  all  comprehended  under  the  general  head 
of  combuftion,  which  has  been  already  fufficiently  ex- 
amined. Some  of  thofe  procefles  are  indeed  attended  with 
peculiar  phenomena ; as  the  production  of  an  elaftic  fluid  by 
gunpowder,  the  abforbtion  of  air  and  other  elaftic  fluids  by 
red-hot  charcoal,  and  others  j but  thofe  will  be  confidered  in 
other  places. 

The  electric  fpark,  when  taken  repeatedly  in  a quantity  of 
common  air,  phlogifticates  it  very  fenfibly ; but  as  this  eflect, 
if  attributed  intirely  to  the  electric  fluid  itfelf,  would  Ihew  fome 
degree  of  identity  between  that  fluid  and  the  inflammable 
principle  (which,  on  other  accounts,  feems  rather  improbable) 
it  is  here  necelTary  to  examine  this  matter  fomewhat  more 
particularly.  Dr.  Priestley,  who  feems  to  have  been  the 

* It  is  but  a few  years  ago  fince  it  was  clearly  clemonftrated  in  France,  that  a 
diamond  is  a combuftible  fubftance;  To  that  when  afled  upon  by  a violent  heat,  in 
the  free  air,  it  flames  and  confumes  like  any  other  combuftible  body.  See 
Rozier’s  Journal,  and  Macqx;er*s  Di<ft.  of  Chemiftry,  art.  Diamonds.— 
Mr.  Lavoisier  having  thrown  the  focus  of  a large  burning-glafs  upon 
four  grains  and  a half  of  diamonds,  which  were  kept  under  a receiver  containing 
6o  cubic  inches  of  air,  found  that  after  i6  minutes  the  air  had  fufFered  a dimi- 
nution of  nearly  one  eighth,  and  the  remainder  precipitated  the  lime  in  lime- 
water.  See  Mem.  de  I’Acad.  des  Sciences  a Paris,  for  the  year  1772. 
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firft  perfon  that  obferved  the  diminution  of  air  occafioned  by 
ele6i^ric  fparks,  made  ufe  of  the  following  inftrument,  viz. 
a glafs  tube,  to  one  end  of  which  a wire  was  cernented,  which 
being  fixed  in  the  axis . of  the  tube,  projected  a {hort  way 
within  it,  and  on  its  outward  extremity  was  furnifhed  with 
a knob.  The  air  was  introduced  into  the  tube,  whofe  open 
end  was  inverted  in  a bafin  of  mercury,  or  other  fluid,  and 
the  lower  part  of  the  tube  was  alfo  filled  with  that  fluid; 
the  fparks  then  being  taken  upon  the  knob  of  the  wire,  by 
approaching  it  to  the  conductor  of  an  ordinary  eledrical 
machine,  pafled  from  that  extremity  of  the  wire  which  was 
within  the  tube,  through  the  air  contained  in  it,  to  the  fluid 
under  it.  When  common  air  was  contained  in  the  tube,  and 
the  liquor  ufed  was  water^  tinged  blue,  or  rather  purple,  with 
the  juice  of  turnfole,  or  archil,  by  taking  fparks  for  about  two 
minutes  the  liquor  was  rendered  manifeftly  red. 

“ The  mofl:  important,”  obferves  the  DoBor^  “ though 
“ the  leaf!:  expeded  obfervation,  however,  was,  that,  in  pro- 
“ portion  as  the  liquor  became  red,  it  advanced  nearer  to  the 
“ wire,  fo  that  the  fpace  of  air  in  which  the  fparks  were  taken 
“ was  diminiflied;  and  at  length  I found  that  the  diminu- 
“ tion  was  about  one  fifth  of  the  whole  fpace;  after  which, 
“ more  eledrifying  produced  no  fenfible  efled. 

“To  determine  whether  the  caufe  of  the  change  of  colour 
“ was  in  the  or  in  the  eleBric  matter I expanded  the 
“ air,  which  had  been  diminiflied  in  the  tube  by  means  of  an 
“ air-pump,  till  it  expelled  all  the  liquor,  and  admitted  frefli 
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blue  liquor  into  its  place  ; but  eiftef  that^  cledlricity  pro- 
duced  no  fenfible  effedl:,  either  oil  the  air,  or.on  the  liquor; 
“ fo  that  it  was  evident  that  the  eledtric  matter  had  decom- 
pofed  the  air,  and  had  made  it  depofit  fomething  that 
“ was  of  an  acid  nature. 

“ In  order  to  determine  whether  the  wire  had  contributed 
any  thing  to  this  effed:,  I ufed  wires  of  different  metals, 
‘‘  iron,  copper,  brafs,  and  filver ; but  the  refult  was  the  very 
fame  with  them  all. 

“ It  was  alfo  the  fame  when,  by  means  of  a bent  glafs 
“ tube,  I made  the  eledtric  fpark  without  any  wire  at  all,  in 
the  following  manner  : — Each  leg  of  the  tube  20  of 
plate  III.)  flood  in  a bafln  of  quickfllver;  which,  by  means 
“ of  an  air-pump,  was  made  to  afcend  as  high  as  in 

**  each  leg,  while  the  fpace  between  a and  b in  each  con- 
“ tained  the  blue  liquor,  and  the  fpace  between  b and  b 
contained  common  air.  Things  being  thus  difpofed,  I 
made  the  eleffric  fpark  perform  the  circuit  from  one  leg  to 
“ the  other,  paffing  from  the  liquor  in  one  leg  of  the  tube 
“ to  the  liquor  in  the  other  leg,  through  the  fpace  of  air. 
‘‘  The  effe<fl  was,  that  the  liquor,  in  both  the  legs,  became 
‘‘  red,  and  the  fpace  of  air  between  them'  was  contracted,  as 
before. 

“ Air  thus  diminifhed  by  electricity  makes  no  effervelcence 
“ with,  and  is  no  farther  diminifhed  by  a mixture  of  nitrous 
“ air ; fo  that  it  mufl  have  been  in  the  highefl  degree 
noxious,  exactly  like  air  diminifhed  by  any  other  procefs. 
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“ In  order  to  determine  what  the  acid  was,  which  wa^ 
depofited  by  the  air,  and  which  changed  the  colour  of  the 
“ blue  liquor,  I expofed  a fmall  quantity  of  the  liquor  fo 
“ changed  to  the  common  air,  and  found  that  it  recovered 
“ its  blue  colour,  exadly  as  water,  tinged  with  the  fame 
‘‘  blue,  and  impregnated  with  fixed  air,  will  do.  But  the 
“ following  experiment  was  ftill  more  decifive  to  this  pur- 
“ pofe  : — Taking  the  eledlric  fpark  upon  lime-water ^ inftead 
“ of  the  blue  liquor,  the  lime  was  precipitated  as  the  air 
“ diminifiied. 

“ From  thefe  experiments  it  pretty  clearly  follows^  that 
‘‘  the  eledric  matter  either  is,  or  contains  phlogifton^  fince 
“ it  does  the  very  fame  thing  that  phlogifton  does.  It  is 
“ alfo  probable,  from  thefe  experiments,  that  the  fulphurous 
“ fmell,  which  is  occafioned  by  eledricity,  being  very  dif- 
“ ferent  from  that  of  fixed  air,  the  phlogifton  in  the  eledric 
“ matter  itfelf  may  contribute  to  it 

The  Dodor  found,  that  the  diminution  of  common  air  by 
this  means  vi(as  about  one  fourth  of  the  whole  quantity.  If 
the  air  was  confined  in  the  tube  by  quickfilver,  inftead  of  the 
blue  liquor,  the  eledric  {])arks  diminilhed  it,  and  if  the  blue 
liquor  was  afterwards  introduced  to  this  diminiftied  air,  it 
became  red,  though  not  very  quick  f . 

Notwithftanding  the  numerous  and  well-contrived  ex- 
periments of  Dr.  Priestley,  concerning  this  fubjed,  the' 

* Exper.  and  Obferv.  vol.  i.  part  ii.  fed.  2. 
t Ibid.  vol.  iv.  fed.  27.  No.  6. 
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confequence,  that  the  eledric  fluid  either  is  or  contains  phlo- 
gifton,  does  not  feem  to  follow  very  evidently ; for,  conflder- 
ing  that  the  wire  belonging  to  the  inftrument  ufed  by  him 
was  faftened  by  cementy  which  fubftance  the  Dodlor  himfelf 
has  found  to  phlogifticate  common  air  when  not  aded  upon  by 
any  eledlric  power  whatever ; and  it  is  natural  to  fuppofe  that 
this  cement  would  be  capable  of  phlogifticating  the  air  much 
more  eafily  when  eledlricity  is  ufed ; the  lateral  fhock,  or  fome 
effedt  of  it,  does  certainly  adl  upon  the  cement,  though  the 
main  fhock,  or  the  quantity  of  eledtric  fluid  difcharged  in  the 
fpark,  pafles  through  the  metal  wire;  befldes,  the  violence 
of  the  eledtric  fparks  generally  corrodes  or  calcines  part  of  the 
furfaces  of  thofe  bodies  upon  which  they  are  taken,  and  even 
the  rapid  paflTage  of  the  eledtric  fluid  through  the  air  may 
burn  fome  heterogeneous  particles  that  float  in  it.  In  fhort, 
all  thefe  caufes  may  contribute  to  phlogifticate  the  air ; and 
in  confequence  there  is  no  neceflity  to  fuppofe,  that  the 
eledtric  fluid  either  is,  or  contains  phlogifton.  Indeed,  Dr. 
Priestley’s  experiment  with  the  crooked  tube,  in  which  the 
eledlric  fparks  are  tranfmitted  diredlly  from  the  furface  of 
the  fluid  in  one  leg  to  that  of  the  fluid  in  the  other,  feems 
to  be  more  in  favour  of  his  fuppofition;  yet  the  phlogiftica- 
tion  of  the  air  even  in  this  cafe  may  be  owing  to  the  lepa- 
' ration  of  phlogifton  from  combuftible  particles,  which  either 
exift  in  the  air  or  in  the  liquor. 

Mr.  Fontana,  towards  the  latter  end  of  the  year  1779, 
made  the  following  experiments,  which  feem  to  fliew  very 

clearly, 
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clearly,  that  the  phlbgiftication  of  common  air  by  the  eledric 
fparks  is  to  be  attributed  to  the  difcharge  of  phlogifton  from 
the  wire  or  cement,  rather  than  to  the  electric  fluid  itfelf. 
Mr.  Fontana  made  ufe  of  the  inflrument  which  we  have 
already  defcribed  in  the  preceding  part  of  this  work,  which 
differed  from  that  of  Dr.  Priestley  principally  in  this,  viz. 
that  the  wires  were  not  faflened  by  -cement,  but  were 
fitted,  by  grinding,  into  two  holes  made  on  the  fides  of  a 
ftrong  glafs  tube.  Mr.  Fontana  ufed  wires  of  different 
metals,  and  obferved,  that  when  the  eleblric  fparks  were  taken 
between  wires  of  impure  metals,  as  iron  and  brafs,  the  phlo- 
giflication  was  eafily  effed’ed,  and  in  a confiderable  degree ; 
but  when  wires  of  very  pure  filver  were  ufed,  whofe  length 
was‘  about  9 or  lo  inches,  the  phlogiftication  of  the  air  was 
effeded  in  a fmall  degree,  and  after  confiderable  time,  as 
after  taking  fparks  for  about  half  an  hour. 

Dr.  White,  in  the  Ixviiith  vol.  of  the  Phil.  Tranf.  obferves, 
that  pure  odours,  as  the  odour  of  camphor,  of  mufk,  and 
efpecially  volatile  alkali ; or  the  odours  of  vegetables,  when 
extradled  by  art,  - and  feparated  from  the  putrefeent  parts  of 
the  vegetables;  have  either  very  little  or  no  power  at  all  of 
contaminating  common  air,  viz.  of  rendering  it  lefs  di- 
minifhable  by  nitrous  air.  ^ Hence,  except  in  particular 
“ conftitutions,  or  in  cafes  where  their  ftimulus  may  be  hurt- 
‘‘  ful,  they  may  be  fafely  ufed  as  agreeable  odours,  and  to 
obviate  the  fmell  in  fick  rooms,  8cc.” 

The  mixture  of  fome  permanently  elaftic  fluids  does  alfo 
6 injure 
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injure  common  air ; but  the  particulars  concerning  thofe 
efFedts  will  be  conhdered  when  we  treat  of  thofe  particular 
elaftic  fluids.  It  is  only  neceflTary  to  mention  in  this  chapter, 
that  the  efFecfl  of  nitrous  gas  upon  common  air  is  a real  phlo^ 
giftication  ; for  the  air,  after  that  diminution,  is  unfit  to 
aflift  rcfpiration,  combuftion,  8cc. ; in  fhort,  it  is  in  that  flate 
in  which  it  is  called  phlogijlicated. 

The  effeds  of  nitre  on  air,  as  obferved  by  Dr.  Priestley, 
are  worth  particular  notice,  efpecially  becaufe  they  feem  to 
throw  great  light  upon  the  fubjedt  of  the  nature  and  pro- 
perties of  that  fingular  fait,  which  has  eluded  the  refearches  of 
many  anxious  philofophers. — Dr.  Priestley  expofed  frefli- 
melted  nitre  to  air,  “ And  I find,”  fays  hcy  that  common 
“ air, expofed  to  nitre  in  thefe  circum fiances,  is  a little  injured, 
“ but  with  fuch  circumftances  attending  xhQ  proof  of  it,  as  I 
“ had  never  obferved  before,  and  which  I cannot  well 
**  account  for.  The  fadls  were  as  follow: 

“ I melted  about  an  ounce  of  falt-petre  in  a crucible,  till 
“ all  the  air  feemed  to  be  expelled  from  it,  and  immediately 
“ placed  it  under  a receiver  fianding  in  water,  where  it  pre- 
“ fently  became  folid.  The  next  morning  I examined  the  air 
“ in  which  it  had  flood,  and  found  it  to  be  not  fo  good  as 
“ common  air.  ' It  was  diminifhed  about  ~h  lefs  than  an 
‘‘  equal  quantity  of  common  air,  which  I tried  at  the  fame 
‘‘  time,  and  with  the  fame  nitrous  air.  I repeated  the  experi- 
“ ment  feveral  times,  with  the  fame  refult. 

It  was  remarkable,  however,  that  after  thefe  mixtures 
• “ had 
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“ had  remained  a day  and  a night,  they  approached  nearer 
“ to  an  equality.  This  alfo  I obferved  more  than  once, 
“ and  am  much  furprized  at  the  fa£t.  It  fliould  feem,  that 
“ the  air  to  which  this  nitre  had  been  expofed  was  not 
“ abfolutely  fo  much  injured  as  the  firft  mixture  of  nitrous 
“ air  with  it  would  fliew;  but  that  its  conftitution  was  fo 
“ much  altered,  that  it  required  more  time  for  the  phlogifton 
“ difcharged  from  the  nitrous  air  to  adl  upon  it. 

“ Afterwards  I melted  fome  falt-petre  in  a glafs  phial;  and, 
‘‘  the  veflel  being  broken  by  the  expanfion  of  the  nitre  in 
cooling,  I expofed  the  nitre  to  a quantity  of  air  confined 
by  water,  fo  that  the  common  air  had  accefs  to  it  on  all 
‘‘  fides ; whereas,  in  the  former  experiment,  it  had  been  con- 
“ tiguous  to  it  at  its  furface  only.  After  about  a week,  I 
examined  this  air,  and  immediately  after,  by  the  trial 
with  nitrous  air,  found  it  to  be  confiderably  worfe  than 
“ common  air ; two  meafurcs  of  it,  and  one  of  nitrous  air, 
“ occupying  the  fpace  of  two  meafures  only ; whereas  the 
“ mixture  of  common  air,  made  at  the  fame  time,  and  with 
part  of  the  fame  quantity  of  nitrous  air,  was  diminifiied 
“ as  much  as  ufual.  I did  not  carry  this  experiment  any 
farther,  as  I did  with  another  quantity  of  common  air, 
which  had  likewife  been  expofed  about  a week  to  melted 
falt-petre  in  the  fame  circumftances. 

Two  meafures  of  this  air,  and  one  of  nitrous,  at  firft 
“ occupied  the  fpace  of  little  more  than  two  meafures ; but 
it  kept  continually  approaching  to  the  degree  of  diminu- 
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tion  of  a mixture  of  common  air,,  made  at  the  fame  time, 
“ till  after  four  days  the  difference  between  them  was  very 
“ fmall 

It  has  been  already  obferved,  that  air  diffolves  and  combines 
with  water,  and  that  probably  a quantity  of  water  is  always 
combined  with  common  air,  which  we  have  no  means,  at 
prefent,  to  feparate  from  it ; we  muft  now  remark,  that  as 
water  is  abforbed  by  air,  fo,  on  the  other  hand,  a quantity  of 
common  air  is  alfo  abforbed  by  water.  There  is  therefore  a 
mutual  attraction  between  thofe  two  fubftances.  If  a glafs 
full  of  water  is  put  under  the  receiver  of  an  air-pump,  and 
the  air  is  exhaufted  from  it,  the  water  will  bubble,  and  be 
agitated  as  it  were  adually  boiling  over  a fire : which  is 
owing  to  the  air;  which,  when  the  prefTure  of  the  atmofphere 
is  removed,  re-affumes  its  elafticity,  and  efcapes  out  of  the 
water : accordingly,  when  all  the  air  that  can  by  this  means 
be  feparated  from  water  has  been  exhaufted,  the  apparent 
boiling  ceafes,  notwithftanding  that  the  pump  is  ftili  kept  in 
action.  Boiling  is  another  way  to  free  water  of  air ; thus,  if 
a veflel  full  of  water  is  put  upon  the  fire,  and  a glafs  receiver 
is  filled  with  and  inverted  in  that  water,  as  the  water  begins 
to  boil,  a quantity  of  permanently  elaftic  fluid,  feparated  from 
it,  will  be  feen  to  occupy  the  upper  part  of  the  veflel  ; which 
elaftic  fluid,  if  removed  into  another  veflTel  before  it  be  im- 
bibed again  by  the  water  in  its  cooling,  will  be  found  to 

* Exper.  and  Obfer.  vol.  ii.  feft.  9. 

3L 


be 


44  2 Nature  and  Properties  of  Air^ 

be  permanently  elaftic,  and  confequently  it  .is  not  vapour.  If 
a fmall  quantity  of  air  be  admitted  into  an  inverted  receiver 
full  of  water,  out  of  which  any  contained  elaftic  fluid  has 
been  extraded  by  boiling,  or  by  the  air-pump,  that  fmall 
quantity  of  air  will  be  intirely  abforbed  by  the  water. — This 
abforbtion  is.  promoted  by  agitation.  . As  the  quantity  of 
common  air  which  can  be  imbibed  by  boiled  water  is  efli- 
mated  to  be  about  one  fortieth  of  the  bulk  of  the  water,  the 
quantity  of  air  admitted  into  the  receiver,  in  the  above- 
mentioned  experiment,  muft  not  be  greater  than  about  the 
fortieth  part  of  the  water  contained  in  the  receiver* 

The  bulk  of  the  water  is  very  little  increafed  by  the  ab- 
forbtion of  air ; which  fhew^s  that  the  air’s  elafticity  muft  be 
in  part  deftroyed,  or  that  the  fubtile  particles  of  that  element 
are  admitted  into  the  interftices.exifting  between  the  particles 
of  water. 

Water  abforbs  various  quantities  of  the  different  per- 
manently elaftic  fluids ; thus  it  abforbs  a great  quantity  of 
fixed  air  or  calcareous  gas;  it  abforbs  an  tmraenfe  quantity  of 
the  alkaline  or  acid  elaftic  fluids,  and  that  without  having 
been  previoiifly  boiled,  or  deprived  of  air  by  means  of  the  air- 
pump.  The  waters  of  various  wells,  mines,  lakes^  &c.  called 
mineral  waters,  and  alfo  the  waters  of  rivers,  are  naturally 
found  impregnated  with  different  proportions  of  various  per- 
manently elaftic  fluids.  But  thefe  will  he  examined  in  the 

The  air  which  is  imbibed* bv  diftilled  and  boiled  water,  is 
7 not 
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n6t  exactly  die  coir  of  tke  atmo(phef6  iti  its  ufnal  ftate  : but 
it  feems  that  the  water  ab:forbs  the  pureft  part  of  it,  and  leaves 
the  worfl: ; for  if  a greater  quantity  of  comi:Aon  air,  than  ean 
be  intirely  abfofbed  by  a given  quantity  of  boikd  water,  is  ex- 
pofed  to  it,  part  of  tloat  air  will  be  found  to  be  abforbed  by 
the  water,  and  the  remainder  will  appear  to  be  confiderably 
phlogifticated  — That  this  phlogiflon  cannot  wholly  come 
from  the  water,  feems  evident  from  this,  viz.  that  if,  when  the 
boiled  water  has  abfoi'bed  as  much  air  as  it  can,  more  new 
common  air  be  added  to  it,  this  will  not  be  at  all  phlogifti- 
cated, or  at  leaft  in  an  exceedingly  fmall  degree,  and  after 
a very  long  time.  But  Mr.  Scheele’s  ingenious  experiments 
put  this  matter  out  of  doubt;  for  he  not  only  obferved  that 
the  remaining  quantity  of  air,  after  that  boiled  water  had 
abforbed  a part  of  it,  was  fo  far  injured  as  not  to  admit  a 
candle  to  burn  in  it ; but,  boiling  the  water  again,  and  thus 
extracting  the  air  it  had  imbibed,  found  that  this  air  was 
much  purer  than  common  air,  fo  that  a candle  burned 
brighter  in  it  than  in  common  air  •f'* 

From  thefe  obfervations  it  might  perhaps  be  expeCted,  that 
water  in  general,  by  boiling,  fhould  yield  air  purer  than  com- 
mon air ; for  having  been  expofed  to  the  atmofphere,  it  muft 
have  imbibed  the  pureft  part  of  it,  or  the  unphlogifticated, 

* Dr.  Priestley,  having  expofed  a quantity  of  comtmon  air  to  boiled  water, 
found  that  it  was  diminifhed  of  four  fevcnths,  and  the  remainder  extinguifhed 
flame.  Exper.  and  Obfer.  vol.  i.  p.  158. 
t Exper.  on  Air-and  Fire,  p.  164. 
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in  preference  to  the  phlogifticated  part  of  it.  But  it  muft 
be  confidered,  that  the  waters  of  rivers,  wells,  8cc.  are  not  ex- 
pofed  to  the  open  air  only,  but  are  mixed  with  various  other 
fubftances,  as  earthy,  metallic,  and  faline  particles,  vege- 
table or  animal  fubftances,  and  the  like ; which  being  dif- 
folved,  putrefied,  corroded,  &c.  produce  various  forts  of 
elaftic  fluids,  which  are  abforbed  by  the  waters,  and  thence, 
when  they  are  boiled,  yield  various  forts  of  permanently 
elaftic  fluids  diflferent  from  common  air. 

Mr.  Fontana  made  feveral  experiments  at  Paris,  in  the 
year  1777)  to  afcertain  the  quality  of  the  elaftic  fluids  fepa-  ♦ 
rated  from  various  waters;  the  refult  of  which  is  the 
following 

The  water  of  a well  being  boiled  in  a tin  veflel,  which  had: 
a long  neck  or  tube  bent  in  two  diredions,  like  the  glafs^ 
tubes  reprefented  at  I,  in  fig.  9,  of  plate  II,  yielded  an  elaftic 
fluid,  which  feemed  to  be  moftly  fixed  air,,  mixed  with  a very^ 
fmall  quantity  of  phlogifticated  air;  for  it  cryftallized  with 
oil  of  tartar,  it  turned  the  tindure  of  turnfole  red,  it  preci- 
pitated the  litne  in  lime-water,  and  it  was  abforbed  by  water,, 
to  which  Lt  communicated  an  acidulous  tafte;  and  the  remain-- 
tier,  which  was  not  abforbed  by  water,  nor  precipitated  the 
lime  in  lime-water,  extinguifhed  flame. 

The  water  of  the  river  Seine,  filtered  through  (and,  as  ft  is- 
drank  at  Paris,,  and  treated  in  the  fame  manner,  yielded  an 


* Phil.-  Tranf.  vol.  kix.  p.  43 2>  and  following. 
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elaftic  fluid,  which  conflfted  principally  of  air  purer  than 
common  air,  with  a fmall  quantity  of  fixed  air.  The  air 
yielded  by  this  water,  when  boiled  in  glafs  veflels  with 
doubly  incurvated  tubes,  was  ftill  purer  than  when  boiled 
in  the  tin  veflTel  j fo  that  it  fulFered  a much  greater  dimi- 
nution by  nitrous  air,  it  aflifted  flame  much  better,  and, 
in  fliort,  it  was  purer  than  common  air.  The  air  ob- 
tained from  this  water  was  about  the  twenty-eighth  part  of 
its  bulk. 

The  water  d’Arqueil,  which,  at  Paris,  is  confideredas  very 
pure,  being  boiled  in  the  above-mentioned  tin  vefTel,  gave  an 
elaftic  fluid,  which  was  partly  fixed  ak  and  partly  air  that 
was  not  only  better  than  common  air,  but  even  better  than 
the  air  extracted  from  the  water  of  the  Seine.  When  this 
kind  of  water  was  boiled  in  glafs  veflels,  it  yielded  an  elafiic 
fluid  flill  purer.  Mr.  Fontana  extradled  alfo  the  air  from 
diflilled  water,  and  found  it  to  be  better  than  common,  air, 
and  even  better  than  the  air  obtained  from  the  water  of  the 
Seine  and  of  Arqueil.  It  was  not  fenfibly  diminkhed.  in 
water,  and  in  fhort  it  was  very  good  dephlogiflicated  air. 
The  quantity  of  air  extrade.d  from  the  water  of  the  river 
Seine,  is  to  that  extra<5led  from  diflilled  water,  as  3,2  to  13, 
nearly  ; but,  as  the  elafiic  fluid  extradled  from  the  water  of 
the  Seine  is  half  fixed  air,.  Mr.  Fontana  concludes,  that  the 
quantity  of  refpirable  air  produced  by  either  kind  of  water  is 
nearly  the  fame ; only  they  differ  a little  in  degree  of  purity., 
Mr.  Fontana,  with  his  numerous  experiments,  obferves  that 

water, 
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water,  in  general,  abforbs  about  twice  as  miicli  of  dephlo- 
gifticated  air,  when  expofed  to  it,  than  of  common  air ; or 
that,  in  general,  water  abforbs  a greater  quantity  of  thofe  kinds 
of  air  which  contain  a lefs  quantity  of  phlogyftoa.  He  found 
that  the  water* of  the  Seine,  after  being  boiled  for  along  time, 
abforbs  about  one  fourteenth  of  its  own  bulk  of  deplilogifti- 
cated  air,  whereas,  in  the  fame  length  of  time,  it  does  not 
abforb  more  than  one  twenty-eighth  of  common  air. 

From  thefe  obfervations  wc  fee  that  common  air  may  be 
partly  changed  into  dephlogiflicated  air ; for  fuppofe  that 
a quantity  of  common  air  is  expofed  to  water  recently 
boiled,  the  water  will  imbibe  part  of  it;  and  if  then  that 
water  be  boiled  in  a glafs  veffel,  furnilhed  with  a bent  tube, 
which,  palling  through  the  water  of  a tub,  goes  under  an  in- 
verted receiver,  the  air  obtained  from  that  water  will  be 
found  to  be  dephlogifticated  air. 

Mr.  Fontana,  in  order  to  afcertain  vi'hether  or  no  the 
vapours  of  boiling  water  injured  common  air,  introduced  a 
quantity  of  common  air,  the  goodnefs  of  which  he  had  pre- 
vioully  afcertained  by  the  tafte  of  nitrous  air,  then  caufed  the 
fteam  of  boiling  water  to  pafs  through  it;  which  fometimes 
rarefied  the  air  fo  much  as  to  make  it  occupy  above  five 
times  the  fpace  it  did  when  cold;  yet,  after  fome  time,  the 
operation  being  intermitted,  the  air  was  found  to  be  not 
at  all  altered  by  the  fteam 


* Phil.  Tranf.  voL  Ixix.  p.  442. 
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It  is  clear  that  the  air  into  which  the  fleam  of  boiling  water 
has  been  thrown,  as  foon  as  it  cools,  depolita  the  fleam,  or 
rarefied  water,  which  is  an  elaflic  fluid  condenflble  by  cold ; 
but  whilfl:  the  fleam  is  in  it,  the  air  is  pernicious  to  animals; 
though  perhaps,  if  it  were  poflible  to  be  examined  by  the  tafle 
of  nitrous  air,  it  would  not  appear  to  be  unwholefome.  Not 
only  the  vapour  of  water,  but  the  vapours  and  fumes  of 
various  other  fubftances,  when  in  eonflderable  quantity,  render 
the  air  unfit  for  refpiration*  Muschembroek  obferved,  that 
the  vapour  of  pure  water,  introduced  into  a quantity  of  air, 
threw  a bird  into  great  anxiety;  that  the  vapour  of  vinegar 
had  the  fame  effeft ; that  the  vapour  of  fpirit  of  wine  killed 
a bird  ; and  that  alfo  the  vapours  of  oil  of  turpentine,  of  oil 
of  olives,  and  of  fpirit  of  fait- ammoniac,  were  fatal  to  animal 
life-f. 

In  order  to  preferve  as  much  perfpicuity  as  this  intricate 
fubjeft  will  feem  to  admit  of,  the  reader  is  requefted  to  re- 
mark, that  hitherto  we  have  taken  notice  of  the  abforbtion  of 
air  by  water,  (which  abforbtion  is  eflecSled  by  mere  expofure) 
and  of  the  change  that  the  air  undergoes  in  that  abforbtion;  but 
now  we  fhall  confider  the  phenomena  produced  by  the  agi- 
tation of  air  in  water. 

Air,  by  being  kept  in  contadl  with  common  water,*  does  not 

•f  Mufchemb.  Introd.  ad  Philof.  Nat.  fefl.  2049. — In  the  third  vol.  of  the 
Commentaria  Bonon.  i:  is  mentioned,  that  the  fmell  of  camphor'and  of  mutk  was 
fatal  to  animals ; and  we  might  alfo  add  the  fmell  and  effluvia  of  many  other 
things. — The  vapour  of  new-plaftered  walls  has  been  alfo  found  to  be  noxious. 
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become  phlogifticated,  at  lead  it  has  not  been  obferved  to  be- 
come fo  after  about  one  year  ftanding.  The  water,  how- 
ever, muft  be  fuppofed  to  be  not  putrid,  or  impregnated  with 
fiibftances  that  are  known  to  contaminate  common  air.  But 
by  agitation  in  water,  good  air  is  depraved,  and  phlogifticated 
air  is  mended.  To  be  more  particular: — If  a quantity  of 
common  air,  in  its  natural  date,  be  agitated  in  water,  even  the 
pured  that  can  be  got,  after  fome  minutes  the  air  will  be 
found  to  be  diminidied  in  bulk,  and  fo  far  depraved  as  to 
extinguidi  the  flame  of  a candle,  though  it  is  dill  fit  for 
refpiration.  By  the  tade  of  nitrous  air,  it  will  be  found  to  be 
lefs  capable  of  diminution  than  it  was  before ; and,  in  fliort, 
it  fhews  manifed  figns  of  having  acquired  phlogidon  from 
the  water  *.  On  the  contrary,  if  air  diminifhed  by  any 

phlogidic 

* This  phlogiftication  of  the  air  by  agitation  in  water  is  not  always  accom- 
panied with  an  equal  degree  of  diminution  *,  nor  is  it  reafonable  to  expeft  it. 
Cnee  it  clearly  depends  upon  the  various  nature  of  the  water.  “ I agitated,” 
fays  Dr.  Priestley,  “ a quantity  of  common  air  in  boiled  water,  and  when  I 
had  reduced  it  from  eleven  ounce  meafures  to  feven,  I found  that  it  extin- 
“ guiibed  a candle,  but  a moufe  lived  in  it  very  well.  At  another  time  a candle 
“ barely  went  out  when  the  air  was  diminifhed  one  third ; and  at  other  times  I 
“ have  found  this  effedt  take  place  at  other  very  different  degrees  of  diminution. 

“ This  difference  I attribute  to  the  differences  in  the  ftate  of  the  water  with 
“ refpedl  to  the  air  contained  in  it;  for  fometimes  it  had  flood  longer  than  at 
other  times  before  I made  ufc  of  it.  I alio  ufed  diflilled  water,  rain-water, 
“ and  water  out  of  which  the  air  had  been  pumped,  promifcuoufly  with  rain- 
“ water.  I even  doubt  not  but  that,  in  a certain  flate  of  the  water,  there  might 
be  no  fenfible  difference  in  the  bulk  of  the  agitated  air,  and  yet  at  the  end  of 
“.the  procefs  it  would  extinguifh  a candle,  air  being  fupplied  from  the  water,  in 
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phlogiftic  procefs,  as  refpiration,  putrefadion,  &c.  To  as  to  be 
quite  unfit  for  refpiration  and  combuftion,  (in  which  ftate  it 
may  be  called  thoroughly  phlogifticated  air)  be  agitated  in 
water  for  fome  minutes,  afterwards  it  will  be  found  to  be  fo 
far  mended  as  to  be  fit  for  refpiration,  and  it  effervefees  with 
or  is  diminifhed  by  nitrous  air,  though  it  ftill  extinguifl:ies 
flame;  it  is  clear,  therefore,  that  in  this  cafe  the  water  has 
abforbed  part  of  the  phlogifton  of  the  air.  The  mere  con^ 
ta6t  of  water,  without  agitation,  has  no  effedl  upon  contami- 
nated air. 

From  thofe  obfervations  we  may  deduce  the  following 
law,  viz.  that  water  and  air  have  both  an  affinity  with 
phlogifton ; that  when  air  contains  fo  much  of  that  prin- 
ciple as  that  it  will  juft  extinguifh  flame,  water,  when 

“ the  place  of  that  part  of  the  common  air  which  had  been  abforbed.” — Exper.' 
and  Obfer.  vol.  i.  part  i.  fed.  lo. — And  before  that,  in  fed.  the  4th,  heobferves, 
that  “ If  the  water  be  frefh  pump- water,  there  willalways  be  an  increafe  of  the 
“ air  by  agitation,  the  air  contained  in  the  water  being  fet  loofe,  and  joining  that 
“ which  is  in  the  jar.  In  this  cafe,  alfo,  the  air  has  never  failed  to  be  reftored  ; 
“ but  then  it  might  be  fufpeded  that  the  melioration  was  produced  by  the 
addition  of  fome  more  wholefome  ingredient.” 

Mr.  Fontana,  in  the  Ixixth  vol.  of  the  Phil.  Tranf.  p.  443,  mentions  to  have 
found  that  common  air,  when  fhaken  in  water,  is  firft  increafed  in  bulk; 
which  increafe  becomes  manifeft  after  a few  minutes  agitation.  This  aug- 
mentation he  fays  to  have  fometimes  brought  to  be  one  twelfth  of  the 
bulk  of  the  air,  and  even  more  ; though  he  confeffes  to  have  met  with 
majiy  irregularities  in  his  experiments.  After  that  this  increafe  was  arrived 
to  a certain  degree,  a longer  agitation  caufed  then  the  air  to  be  diminifhed 
gradually,  and  at  the  fame  time  to  become  lefs  good.  But  Mr.  Fontana  does 
’Dot  mention  the  quality  of  the  water  he  ufed. 
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agitated  in  it,  has  no  power  to  abforb  any  of  the  phlogiflon 
from  it  ; but  when  air  contains  more  than  that  quantity  of 
phlogiflon,  then  the  water  can  feparate  fo  much  of  it  from 
that  air,  as  to  bring  it  to  the  ftate  in  which  it  will  juft  extin- 
guifh  flame. — Thofe  facfts  alfo  fhew,  that  fome  phlogifton  is 
contained  even  in  the  water  reckoned  the  pureft. 

In  fome  cafes  it  may  happen,  that  in  the  aft  of  agitating 
air  in  water,  fome  phlogifton  is  leparated  from  the  veifels 
employed,  in  cafe  thefe  be  not  of  glafs;  but  an  obferver  of 
thefe  properties  of  natural  bodies  can  hardly  be  fuppofed  to 
be  fo  ignorant  as  to  make  fuch  miftakes; 

Agitation  of  air  in  falt-water,  and  in  water  in  which  falt- 
petre  had  been  diflblved,  Dr.  Priestley  obferved,  was 
attended  with  phenomena,  upon  the  whole,  like  to  when: 
pure  water  is  ufed 

It  is  well  known  that  water  frefh  diftilled  acquires  an  un- 
pleafant  flavour,  which  it  lofes  by  expofure  to  the  open  air* 
This  flavour  Dr.  Priestley  obferved  to  be  owing  to  phlo- 
gifton ; for  having  confined  • fome  water,  which  had  been 
diftilled  in  glafs  veflbls,  in  a phial  containing  fome  air 
befides,  he  found  that,  a month  after,  the  air  contained  in  the 
phial  was  conftderably  phlogifticated.  It  is  remarkable,  that 
the  water  fhould  acquire  phlogifton  by  mere  diftillation; 
that  is,  by  rarefaftion  and  condenfation.  It  feems  as  if 
the  phlogifton  was  forced  through  the  pores  of  the  glafs 

- f' 

* Exper.  and  Obfer.  vol.  iii.  Tefl.  8.  N.  2. 
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vefTel  by  the  heat ; but,  as  Dr.  Priestley  obferves,  it  may 
be  that  water  contains  phlogifton,  and  that  evaporation 
changes  the  mode  of  its  combination^  and  renders  it  more 
eafy  to  be  imparted  to  the  air 

The  phlogiftic  matter  which  water  abforbs  from  the  air, 
or  otherwife,  is  reafonably  fuppofed  to  be  imbibed  by  plants, 
and  alfo  by  other  fubftances  under  water  \ fince  it  has  often 
been  obferved,  that  the  water  of  refervoirs  is  preferved  fweet  as 
long  as  plants  are  growing  on  the  fides  and  bottom  of  the 
refervoir,  and  as  long  as  a flimy,  foul  fubftance  exifts  in  them  ; 
but  that  if  they  are  cleaned,  the  water  foon  iofes  its  ufual 
fweetnefs.  This  faft  is  well  known  in  various  places  where 
refervoirs  are  ufed,  and  efpecially  in  fome  country  places  in 
the  kingdom  of  Naples,  where  refervoirs  of  water  are  very 
common.  If  the  country  people  there  are  afked  the  reafon 
why  they  leave  their  refervoirs  fometimes  almofl:  flopped 
up  by  the  plants  that  grow  in  them,  they  commonly  anfwer, 
that  thofe  plants  keep  the  water  fweet.  'Dr.  Priestley 
mentions  a fa<9:,  which  feems  to  corroborate  the  above- 
mentioned  fuppofition  T. 

When  noxious  air  is  required  to  be  mended  by  agitation  in 
water,  the  velTel  which  contains  the  air  fhould  be  agitated  in  a 
trough  of  water,  in  which  the  water  may  communicate  with  the 
open  air ; for  fometimes  the  water  ferves  as  a vehicle  for  the 
putrid  and  phlogiftic  matter,  from  the  noxious  air  within  the 

* Expcr.  and  Obfer.  vol.  W.  p.  295. 
i*  Ibid.  vol.  ii.  fed.  10. 
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receiver  to  the  atmofphere,  as  is  fhewn  by  the  difagreeable 
fmell  often  perceived  by  the  operator  in  this  procefs.  When 
the  noxious  air  is  contained  in  a clofed  phial,  wherein  there  is 
fome  water  alfo,  the  air  is  either  not  at  all,  or  very  little, 
reflored  by  agitation ; becaufe,  in  this  cafe,  it  can  part  with 
that  quantity  of  phlogiftic  matter  only  which  the  fmall 
quantity  of  confined  water  can  abforb. 

I fhall  here  juft  mention,  that  Dr.  Priestley  has  dif- 
covered,  that  pump-water,  kept  in  glafs  jars,  and  expofed  to 
the  rays  of  the  fun,  yields  a confiderable  quantity  of  dephlo- 
gifticated  air. — The  particulars  relating  this  difcovery  will  be 
examined  in  the  chapter  on  dephlogifticated  air. 

After  all  thefe  obfervations,  relating  to  the  diminution  of 
common  air  by  various  procefiTes,  it  is  proper  to  remind  the 
reader  of  fome  general  phenomena  concerning  it. — Air,  when- 
ever expofed  to  any  fubftance  which  actually  difcharges 
the  inflammable  principle,  becomes  lefs  fit  for  refpiration, 
combuftion,  and  other  procefiTes  for  which  it  is  necef- 
fary ; and  as  the  principle,  which  is  feparated  from  thofe 
bodies  which  contaminate  common  air^  in  many  inftances, 
is'  evidently  the  inflammable  principle,  the  air  is  reafonably 
fuppofed  to  become  bad  in  confequence  of  its  union  with 
that  principle ; it  is  therefore  faid  to  be  phlogificated : 
in  which  ftate  it  is  more  or  lefs  unfit  for  other  phlogiftic 
procefiTes,  in  proportion  as  it  has  acquired  a greater  or  left 
quantity  of  phlogifton.  This  phlogiftication  is  always 
attended  with  a'  diminution  of  the  bulk  of  the  air,  which, 

generally 
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.generally  amounts  to  one  fourth  of  the  whole  quantity,  ex- 
cepting when  any  elaftic  fluid  is  generated  by  the  fubftance& 
employed,  in  which  cafe  the  diminution  of  the  common  air 
cannot  be  properly  obferved.  The  phlogiftication  of  the  air  is 
limited ; fo  that  air  that  has  been  compleatly  phlogifticated  is 
unfit  to  aflift  any  other  phlogiftic  procefs,  and  is  incapable 
of  being  diminiflied  farther. 

It  is  now  necefl'ary  to  expand  our  views  in  refped:  to  this 
fubjed:,  and  to  examine  the  ftate  of  the  atmofphere  in 
various  parts  and  on  various  occafions ; confidering  the 
changes  to  which  the  atmofpheric  air  is  fubjed  by  various 
procefles  naturally  carried  on  upon  the  earth,  and  invefti- 
gating  the  various  methods,  which  nature  may  employ  in  order 
to  preferve  the  atmofpheric  fluid  in  a proper  degree  of  fitnefs 
for  thofe  natural  proceflTes  for  which  it  is  abfolutely  neceirary. 
We  fhall  here  alfo  examine  ‘the  adion  of  air  upon  plants, 
and  the  effeds  produced  by  the  latter  upon  the  former ; 
which  fubjed,  although  much  elucidated  of  late,  is  yet  in- 
volved in  many  obfcurities  and  uncertainties. 

The  firft  confideration  that  naturally  occurs  is,  that  the 
whole  mafs  of  atmofpherical  fluid,  which  furrounds  the 
planet  we  inhabit,  being  continually  contaminated  by  the 
refpiration  of  many  myriads  of  animals,  by  the  burning  of 
a great  many  artificial  and  natural  fires,  by  the  putrefadion 
and  dilTolution  of  an  infinite  number  of  fubftances,  and  by 
many  other  phlogiftic  procefles,  muft  gradually  become  more 
and  more  infeded,  till  it  be  rendered  abfolutely  unfit  for 

the 


454  Of  the  Nature  and  Properties  of  Air  ^ 

the  purpofes  for  which  it  is  deftined,  except  nature  has  pro- 
vided fome  means  to  purify  it,  in  proportion  as  it  is  contami- 
nated, fo  as  to  keep  it  in  a proper  ftate  of  falubrity,  without 
growing  continually  worfe.  That  nature  has  provided  fuch 
corredling  means,  as  w^e  may  call  them,  is  hardly  to  be 
doubted,  reafoning  from  analogy  ; but  the  experimental  in- 
veftigations  of  feveral  excellent  philofophers  of  our  time, 
clearly  fhew  various  natural  procefies  which  muft  continually 
purify  the  air,  and  thus  muft  counterbalance  the  effects  of 
thofe  caufes  which  tend  to  contaminate  it. — We  fhall  begin 
our  examination  of  this  interefting  point  from  what  happens 
nearer  to  us. 

The  refpiration  of  animals  having  been  clearly  fhewn,  in 
the  preceding  pages,  to  phlogifticate  common  air,  and,  in 
proportion  to  the  degree  of  that  phlogiftication,  to  render  it 
lefs  fit  for  animal  refpiration,  combuftion,  &c.  it  naturally 
follows,  that  the  air  of  thofe  houfes  wherein  many  people  live 
together,  can  never  be  fo  pure,  and  fo  fit  for  refpiration,  as 
the  common  open  air.  But,  befides  this  philofophical  con- 
fideration,  daily  experience  fhews,  that  the  air  of  thofe  places 
is  not  only  lefs  good  than  the  open  country  air,  but  fome- 
times  it  becomes  lb  very  olfenfive,  that  contagious  difeafes  of 
a very  dangerous  nature  are  originated  from  it.  In  hofpitals, 
prifons,  workhoufes,  large  manufadlories,  vefiels  containing 
many  feamen,  armies  encamped  in  fmall  tradls  of  ground, 
and,  in  Ihort,  in  all  thofe  circumftances  in  which  a great 
number  of  people  are  obliged  to  live  in  one  houfe,  or  in  a 
n fmall 
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fmall  fpace,  we  clearly  fee  the  difagreeable  effects  of  air 
tainted  with  animal  refpiration,  and  by  all  the  other  phlo- 
giftic  procefies  which  muff  be  neceffarily  carried  on  in  thofe 
places,  as  fires,  putrefadlion,  the  accumulation  of  excrements^ 
and  many  others.  The  air  tainted  with  thofe  noxious  ema- 
nations is  often  offenfive  to  the  noftrils  ; but  fometimes  it 
has  not  the  leafi:  perceivable  fmell,  though  it  is  fo  much  viti- 
ated, that  it  occafions  the  moft  alarming  difeales  in  thofe 
unfortunate  perfons  who  are  obliged  to  breathe  it. 

The  fame  thing  may  be  faid  of  air  vitiated  by  other  caufes 
befides  the  refpiration  of  animals;  thus  the  air  is  rendered 
offenfive  by  ftagnating  water,  efpecially  in  hot  climates ; in 
which  many  fubftances  being  putrified,  a vaff  quantity  of 
phlogiftic  matter,  and  putrid  effluvia,  are  difcharged  into  the 
adjacent  air.  Many  places  in  the  Eafl-Indies,  in  America, 
and  in  Italy,  furnifii  numerous  inftances  of  this  obfervation. 
Indeed,  fome  of  thofe  places  are  fo  dangerous,  that  fometimes 
perfons  who  vifit  them,  in  the  hot  feafon,  even  for  a few 
hours,  are  foon  feized  with  a putrid  fever  of  a very  dangerous- 
and  obftinate  nature. 

In  towns,  efpecially  large  ones,  all  the  caufes  which  con- 
taminate the  air  concur  together ; there  the  refpiration  of 
animals,  the  putrefaction  of  dead  bodies,  the  combuftion  of 
large  and  numerous  fires,  the  fiagnation  of  waters,  the  pro- 
ceffes  neceffary  for  various  articles  of  trade,  and  an  infinite 
number  of  other  caufes,  continually  render  the  air  impure, 
and  impregnate  it  with  noxious  effluvia;  hence  large  towns 

are 
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are  often  fubje(3:  to  epidemical  difeafes,  efpecially  in  hot  cli- 
mates, and  where  the  niagiftrate  does  not  fcrupuloufly  invi- 
gilate on  the  cleanlinefs  of  the  ftreets  and  houfes  of  the  inha- 
bitants. There  are,  indeed,  feveral  of  thofe  caufes,  which,  in 
large  towns,  are  unavoidable  ; but  there  are  ftill  many,  and 
thofe  very  conhderable,  which  might  be  eafily  removed  ; 
fuch  is  the  burial  of  the  dead,  which,  conhftently  with  de- 
corum and  religion,  might  be  performed  in  proper  appointed 
places  that  lie  far  from  the  habitations,  rather  than  between 
the  circle  of  a town,  and  in  thofe  places  in  which  the  air  is 
leaf!  ventilated.  The  carrying  on  of  certain  manufadures, 
and  the  eredting  fome  public  buildings,  might  alfo  be  banifhed 
the  walls  of  towns;  or,  at  leaf!:,  they  might,  when  it  is  prac- 
ticable, be  confined  to  particular  eminent  and  ventilated 
places. 

I need  not  mention  any  particular  inftances,  nor  fill  my 
work  with  accounts  of  the  difeafes  which  are  communicated 
by  the  infedlion  of  the  air,  and  to  which  prifoners,  failors, 
foldiers,  and  other  people  who  are  often  obliged  to  be  crouded 
in  a fmali  fpace,  are  fubjed;  fince  almofi:  every  phyfical 
book  takes  particular  notice  of  them,  and  there  are  many 
excellent  books  written  exprefsly  on  the  fubjed,  by  very  able 
and  learned  phyficians,  efpecially  Sir  John  Pringle’s  Obfer- 
vatmis  on  the  difeafes  of  the  army,  I fball  only  obferve,  in 
general,  that  as  the  air  may  become  impregnated  with  par- 
ticular odoriferous  emanations,  fo  alfo  it  may  become  impreg- 
nated with  offenfive  effluvia  of  a particular  fort,  which  being 
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communicated  to  the  body  of  a man,  or  other  animal,  occa- 
fion  one  particular  fpecies  of  diforder.  This  remark  is 
confirmed  by  the  fpreading  of  various  epidemical  difeafes 
amongft  many  people,  when  the  found  perfons  had  no  com- 
merce with  thofe  that  were  infedled.  In  hiftories  we  meet 
with  frequent  inflances  of  epidemical  and  peflilential  difeafes 
being  fuddenly  fpread  over  vafl  trads  of  land,  and  having  al- 
moft  intirely  depopulated  feveral  countries ; the  origin  of  thofe 
plagues  having  been  generally  and  evidently  owing  to  the 
putrefaction  of  great  quantities  of  animal  or  vegetable  fub- 
ftances.  A quantity  of  corrupted  fifh  once  occafioned  a 
terrible  epidemical  fever  at  Venice.  The  fame  efieCt  was 
produced  at  Delft,  by  the  corruption  of  a great  many 
cabbages  and  other  vegetables.  The  Arabs,  as  is  related 
by  Mr.  Ives,  when  they  have  a mind  to  be  revenged  of 
fome  injury  done  them  by  the  Turks  at  Baflbra,  break 
down  the  banks  of  the  river  near  that  city,  fo  as  to  let  the 
water  overflow  a great  trad  of  ground  ; and  when  the  water 
is  evaporated,  the  putrid  mud,  and  other  corrupted  impurities, 
it  leaves,  corrupt  the  air  to  fuch  a degree,  as  to  caufe  a 
moft  dreadful  fever. 

The  general  practice  of  phyficians  finds,  that  diflerent  con- 
flitutions  are  fuited  by  different  forts  of  air.  There  are  fome, 
who  enjoy  a tolerably  healthy  life  in  fuch  air  as  would  be 
quite  unfit  for  the  generality  of  perfons.  Ufe,  and  the  gra- 
dual change,  adapts  the  bodies  of  fome  men  to  thrive  even  in  the 
.worfl  and  moft  offenfive.  foils;  yet  thofe  people  do  never,  or 
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very  feldom,  enjoy  a good  ftatc  of  health,  but  generally  (hew 
by  their  countenances,  and  by  their  whole  conftitution, 
the  bad  ftate  of  the  air  which  they  continually  breathe. 
The  fudden  change  of  the  air  is  the  mofl;  affeding.  Plants, 
and  fome  men  like  plants,  who  live  in  one  and  the  fame 
fmall  fpot  of  ground,  when  they  are  tranfported  into  a dif- 
ferent place,  foon  degenerate,  and  often  perifh;  whereas 
others,  who  are  accuftomed  to  a variety  of  climates,  are  by 
no  means  affccfled  by  thofe  changes,  efpecially  when  the 
tranhtion  is  made  by  very  fmall  and  imperceptible  degrees. 

It  is  very  remarkable,  that  feveral  infecfls  live  very  well  in 
very  offenhve  and  putrid  air.  Indeed  the  fwarms  of  infedls 
which  live  about  putrid  places,  clearly  fhows  the  t-ruth  of 
this  obfervation. 

I fliall  now  relate  the  principal  obfervations,  made  by 
various  ingenious  philofophers,  upon  the  degree  of  purity  of 
the  air  in  various  particular  places. 

Mr.  Landriani,  an  ingenious  Italian  philofopher,  who 
undertook  a journey  through  Italy  purpofely  to  obferve  the 
purity  of  the  air  in  different  places  of  that  country,  foon  after 
his  journey  fent  a letter  to  Dr.  Priestley,  dated  Nov.  the 

17th,  1776,  wherein  he  thus  expreffes  himfelf. “ Before 

“ you  receive  this  letter,  I fhall  have  fent  you  my  eudiometer^ 
“ together  with  a fhort  memoir,  explaining  the  ufe  of  the 
“ machine,  in  order  to  afcertain  with  exadtnefs  the  whole- 
“ fomenefs  of  the  air  in  any  particular  place.  It  is  the  fame 
inflrument  that  I have  made  ufe  of  in  my  tour  through 
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“ Italy;  in  the  courfe  of  which  I have  had  the  fatisfadion 
‘‘  of  convincing  myfelf,  that  the  air  of  all  thofe  places  which, 
“ from  the  long  experience  of  the  inhabitants,  has  been  re- 
“ puted  unwholefome,  is  found  to  be  fo,  to  a very  great  degree 
‘‘  of  exadlnefs,  by  this  inftrument  of  mine ; fo  that  the 
“ theory  feems  to  correfpond  very  well  to  obfervation.  In 
“ the  mountains  near  Pifa,  I made  trial  of  the  air  at  different 
“ heights,  beginning  on  the  plain,  and  proceeding  to  the 
“ higheft  fummits ; and  found  a remarkable  difference  in 
“ the  ftate  of  the  air,  every  flratum  being  purer  in  propor- 
“ tion  as  I afeended.  But  making  the  fame  experiments  on 
“ mount  Vefuvius,  I found  that,  contrary  to  other  moun- 
‘‘  tains,  as  I approached  the  lava,  and  the  mouth  of  the 
“ volcano  (a  new  one  having  opened  while  I was  at  Naples) 
“ the  air  appeared  by  my  eudiometer  to  become  fenfibly 
“ more  vitiated.  The  air  of  the  Pontine  lakes,  that  of  the 
“ Sciroccho  at  Rome  (fo  very  unwholefome)  that  of  the 
‘‘  Campagna  Romana,  of  the  Grotta  de  Cane,  of  the  Zolfa- 
“ tara  at  Naples,  of  the  baths  of  Nero  at  Baja,  of  the  fea- 
“ coaft  of  Tufeany,  were  all  examined  by  me,  and  found 
“ to  be  in  fuch  a ftate  as  daily  experience  led  me  to 
“ exped.” 

Notwithftanding  that  Mr.  Landriani  is  deferving  great 
praife  for  his  zealous  and  truly  philofophical  undertaking,  it 
is,  however,  natural  to  fufped,  that  the  fuccefs  of  his  experi- 
ments was,  in  a great  meafure,  influenced  by  his  expedations ; 
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fince  the  exa6l  agreement  of  his  experiments  with  daily  ex- 
perience, and  the  pretended  exadnefs,  can  hardly  be  fuppofed 
to  be  attainable  with  the  inftrument  he  ufed,  (upon  which 
particular  remarks  have  been  made  in  the  preceding  part  of 
this  work)  or  indeed  with  any  fort  of  eudiometer  hitherto 
invented,  as  will  appear  by  the  following  pages. 

Mr.  De  Saussure,  in  his  journey  upon  the  Alps,  having 
obferved  the  air  at  the  foot,  on  the  middle,  and  at  the  fum- 
liiits  of  various  mountains,  with  his  peculiar  method,  of  which 
we  have  taken  notice  before ; makes  the  following  general 
obfervations  — That  the  air  of  the  very  low  plains  feems 
*to  be  the  lefs  falubrious;  that  the  air  of  very  high  mountains 
is  neither  very  pure,  nor,  upon  the  whole,  feems  fo  fit  for  the 
lives  of  men,  as  that  of  a certain  height  above  the  level  of  the 
fea,  which  he  eftimates  to  be  about  two  or  three  hundred 
toifes,  that  is,  about  430  or  650  yards. 

Dr. 

■*  “ Ceux  que  j’ai  obtenus  en  comparant  ainfi  I’air  de  la  cime  du  Buet  avec 
“ celui  de  Chamouni,  prouvent  que  I’air  de  cette  vallee,  me!c  avec  I’air  nitreux, 
“ abforbe  iin  volume  equivalent  a 28  grains  d’eau  de  plus  que  celui  de  la  cime 
“ de  cette  montagne.  Trois  autres  experiences  faites.  Tune  fur  le  grand 
“ S.  Bernard,  I’autre  fur  le  le  Piton,  la  troifieme  fur  le  Voirons,  ont  routes 
“ donne  des  refultats  femblables,  c’eft-a-dire,  que  I’air  de  ces  fom mites  a paru 
“ moins  pur  que  celui  des  plaines  ou  des  vallees,  fituees  a leur  pied.  L’air  qu’on 
“ refpire  fur  le  glacier  du  Talefre  eft  le  fcul,  qui  d’aprcs  ces  epreuves,  ait  paru 
“ meilleur  que  celui  de  la  vallee  de  Chamouni-,  & cela  vient  vraifembiablement 
“ de  ce  que  cet  air  eft  purifie  par  la  quantite  de  vapeurs  aqueules,  parfaitment 
y pures,  qu  exhale  I’etendue  prodigieufe  de  glaces  & de  neiges,  au  milieu  def- 
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Dr.  White,  in  the  Ixviiith  vol.  of  the  Philof.  Tranf  giving 
an  account  of  his  experiment  on  air  made  at  York,  fays 
that  the  atmofpherical  air  was  in  a very  bad  ftate,  and  indeed 
in  the  worft  he  ever  obferved  it,  the  13th  of  September, 
1777;  when  the  barometer  flood  at  30^30;  the  thermometer 
ilcod  at  69®;  the  weather  being  calm,  clear,  and  the  air  dry 
and  fultry,  no  rain  having  fallen  for  above  a fortnight.  'A 
flight  fhock  of  an  earthquake  was  perceived  that  day. 

The  air  of  a bed-room  at  various  times,  viz.  at  night,  and 
in  the  morning  after  fleeping  in  it,  has  been  examined  by 
various  perfons,  and  it  has  been  generally  found,  that  after 
fleeping  in  it,  the  air  is  lefs  pure  than  at  any  other  time. 
The  air  of  privies,  even  in  calm  weather,  has  not  been  found 
to  be  fo  much  phlogifticated  as  might  have  been  expelled, 
notwithftandingr  its  difasreeable  fmell. 

O 

From  this  and  other  obfervations,  it  is  thought  that  the 
exhalations  of  human  excrements  are  very  little  if  at  all  offen- 
flve,  except  when  they  become  putrid,  or  proceed  from  a dif- 
eafed  body,  in  which  cafe  they  infedl  the  air  very  quickly. 

Dr.  Ingenhousz,  foon  after  he  left  London,  fent  an  account 

“ quelles  ce  glacier  eft  fitue.  Par  ces  memes  epreiives,  I’air  de  Geneve  a paru 
“ egal  a celui  de  Chamouni ; mais  meilleur  que  celui  des  plaines  du  Piemont. 

“ Puis  done  que  de  cinq  montagnes  fur  la  cime  defquelles  j’ai  fait  ces  ex- 
“ periences,  quatre  ont  donne  un  air  moins  pur  que  celui  des  plaines  ou  des 
“ vallees  fituees  a leur  pied  j & que  la  feule  montagne  qui  ait  donne  un  air 
“ plus  pur  que  celui  de  nos  plairlts,  doit  cet  avantage  a une  pofition  par- 
**  tiuliere,  il  femble  que  Ton  peut  conclure  de  ces  epreuves,  qu’en  general, 
y Tair  a une  certaine  hauteur,  perd  un  peu  de  fa  purete.”— p.  517. 
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of  his  experiments,  made  in  the  year  1779,  upon  the  purity 
of  the  air  at  lea,  and  other  parts  \ which  account  was  read  at 
the  Royal  Society  the  24th  of  April,  1780,  and  is  inferted 
in  the  Ixxth  vol.  of  the  Philof.  Tranf.  His  firft  cbfervations 
were  made  on  board  the  velTel  in  the  mouth  of  the  Thames, 
between  Sheernefs  and  Margate,  where  he  found  that  the  air 
was  purer  than  any  other  fort  of  common  air  he  had  met 
with  before.  He  found  that  the  fea  air  taken  farther  from 
the  land,  viz.  between  the  Englilh  coaft  and  Oftend,  was  not 
fo  pure  as  that  tried  before  \ yet  this  inferior  purity  feems  not 
to  take  place  always.  The  -Do(flor’s  general  obfervations, 
deduced  from  his  numerous  experiments,  are  “ that  the  air 
“ at  fea,  and  clofe  to  it,  is  in  general  purer,  and  litter  for 
“ animal  life,  than  the  air  on  the  land,  though  it  feems  to 
“ be  fubjecS;  to  fome  inconlillency  in  its  degree  of  purity 
“ with  that  of  the  land. 

“ That  probably  the  air  will  be  found,  in  general,  much 
“ purer  far  from  the  land  than  near  the  fhore,  the  former 
“ being  never  fubje£t  to  be  mixed  with  land  air.” 

Dr.  Ingenhousz,  in  the  fame  paper,  tranferibes  a journal 
of  experiments,  fliewing  the  degree  of  purity  of  the  air  in 
various  places,  and  under  different  circumflances,  which  I 
lhall  infert  here  in  an  abridged  manner ; thinking  it  of  great 
ufe  to  other  experimentators. 

The'  method  ufed  by  the  ‘Dodor,  in  thofe  experiments, 
was  to  introduce  one  meafure  of  common  air  into  the  eudi- 
ometer-tube, and  then  one  meafure  of  nitrous  air.  The 
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moment  that  thefe  two  forts  of  elaftic  fluids  came  into- con- 
tad:,  lie  agitated  the  tube  in  the  water-trough,  and  then 
meafured  the  diminution,  exprcfling  it  by  hundredth  parts  of 
a meafure  ; thus,  when  he  fays  that  fuch  air  was  found  to  be 
130,  it  fignifies,  that  after  mixing  one  meafure  of  it  with  one 
of  nitrous  air,  the  whole  mixed  and  diminiflied' quantity  was 
130  hundredths  of  a' meafure,  viz.  one  meafure,  more  30 
hundredths  of  a meafure. 

“ The  different  degrees  of  falubrity  of  the  atmofphere,  as 
“ I found  it  in  general,  in  my  country-boufe,  at  Southall 
“ Green,  ten  miles  from  London,  from  June  to  September, 
“ lay  between  IC3  and  109. 

“ I was  furprizcd,  when,  upon  my  return  to  town,  to  my 
“ former  lodgings,  in  Pall-Mall  Court,  I found  the  common 
‘‘  air  purer,  in  general,  in  Odober,  than  1 ufed  to  And  it  in 
“ the  middle  of  fummer  in  the  country  ; for  on  the  2 2d  of 
“ Odober,  at  nine  o’clock  in  the  morning,  the  weather  being 
“ fair  and  frofty,  I found,  that  one  meafure  of  common  air, 
“ and  one  of  nitrous  air,  occupied  100  fub-diviflons  in  the 
“ glafs  tube,  or  exadly  one  meafure.  That  very  day,  at  two 
“ o’clock  in  the  afternoon  (it  being  then  rainy  weather)  the 
“ air  was  fomewhat  altered  for  the  worfe.  It  gave  102. 

“ Odober  the  23d,  it  being  rainy  weather,  the  air  gave 
“ 102. 

“ Odober  the  24th,  the  weather  being  ferene,  the  air, 

at  nine  o’clock  in  the  morning,  gave  ico. 

“ Odober  the  25th,  the  fky  being  cloudy,  at  eleven  o’clock 

“ in 
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in  the  morning,  the  air  gave  102.  At  eleven  o’clock  at 
“ night,  from  five  different  trials,  it  gave  105. 

“ Odtober  the  26th,  the  weather  being  very  dark  and 
‘‘  rainy,  the  air  gave  105,  as  before.” 

The  air  at  Oftend  was  found,  by  the  Dodor,  to  be  gene- 
rally very  good,  giving  between  94  and  98. 

At  Bruges,  the  air,  taken  at  feven  o’clock  at  night,  gave 
105. 

November  the  8th,  the  air  of  Ghent,  at  three  in  the  af- 
ternoon, gave  103. 

November  the  12th,  the  air  of  Bruflels,  at  feven  o’clock, 
P.  M.  gave  1054. 

The  next  day,  the  air  of  the  lower  part  of  the  fame  city 
gave  106,  that  of  the  higheft  appeared  to  be  purer,  as  it  gave 
J04;  which  agrees  with  the  common  popular  obfervation. 
November  the  14th,  both  the  air  of  the  higheft,  and  that  of 
the  loweft  part  of  the  city  appeared  to  be  of  the  fame  good- 
nefs,  giving  103.  The  weather  was  frofty. 

November  the  2 2d,  the  air  of  Antwerp,  in  the  evening, 
gave  IC94  ; the  weather  being  rainy,  damp,  and  cold. 

November  the  23d,  the  air  of  Breda  gave  106.  The  next 
day,  about  eleven  o’clock,  the  air  gave  102;  the  weather 
being  fair,  cold,  and  inclining  to  froft.  At  feven  o’clock  it 
gave  103.  Next  day,  being  the  25th,  the  air  gave  104; 
the  weather  being  cold  and  rainy.  The  26th  it  gave  103; 
the  weather  being  very  rainy,  cold,  and  ftormy. 

November  the  27th,  the  air  at  the  Moordyke,  clofe  to  the 
. ' water, 
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water,  gave  1014.  the  weather  being  fair  and  cold,  but  not 
frofty.  This  fpot  is  reckoned  very  healthy. 

November  the  f8th,  the  air  of  Rotterdam  gave  103;  the 
weather  being  rainy  and  cold. 

November  the  29th,  the  air  of  Delpht  gave  103;  the 
weather  being  ftormy  and  rainy. 

November  the  30th,  the  air  of  the  Hague  gave  104;  the 
weather  being  cold,  and  the  wind  northerly.  The  firft  of 
December  the  weather  underwent  a fudden  change;  the 
wind  becoming  foutherly  and  ftormy,  and  the  atmolphere 
becoming  very  hot.  The  day  after,  Fahrenheit’s  thermo- 
meter ftood  at  54°  ; and  the  common  air,  being  repeatedly  and 
accurately  tried,  gave  1 1 6 ; and  that  prelerved  in  a glafs  phial 
from  the  preceding  day  gave  117;  and  that  gathered  clofe  to 
the  fea  gave  115. 

December  the  4th,  the  air  of  Amfterdam  gave  103  ; the 
weather  being  rainy,  windy,  and  cold.  The  day  after,  the 
weather  continuing  nearly  the  fame,  the  air  gave  102. 

December  the  loth,  the  air  of  Rotterdam  gave  loi ; the 
weather  being  rainy. 

December  the  12th,  being  in  the  middle  of  the  water 
between  Dort  and  the  Moordyke,  the  air  gave  109;  the 
weather  being  remarkably  dark,  rainy,  and  windy. 

December  the  T3th,  the  air  of  Breda  in  the  morning  gave 
1 09  ; the  weather  continuing  as  the  day  before.  And  in  the 
afternoon  the  air  gave  1064,,  the  weather  having  cleared  up. 

December  the  1 6th,  the  air  of  the  lower  part,  of  the  city 
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of  Afitvi^erp  gave  io^  f that  of  the  higher  part  104;  the 

f 

weather  being  rainy  and  temperate. 

" December  the  17th,  the  air  of  Antwerp  gave  107;  the 
weather  continuing  nearly  as  in  the  preceding  day* 

December  the  19th,  the  air  of  BruiTels  gave  109;  the  wea- 
ther being  rainy,  windy,  and  rather  warm. 

December  the  21ft,  the  air  of  Bruffels  gave  106  ; the  wea- 
ther being  dry  and  cold.  The  next  day  the  air  and  weather 
. continued  the  famel 

December  the  23d,  the  air  of  Mons  gave  104;  the  weather 
being  rainy  and  cold.  < / 

December  the '24th,  the  air  near  * Bouchain  gave  104^- 
the  weather  being  cloudy  and  cold. 

December  the  '25th,  the  air  of  Peronne  gave  1024. ; the 
weather  being  frofty. 

‘ December  the  26th,  the  air  of  Cuvilli  gave  103;  the 
weather  frofty. 

December  the  27th,  the  air  of  Senlis  gave  1021;  the. 
weather  frofty. 

December  the  29th,  the  air  of  Paris  gave  103;  the 
weather  frofty. 

'1780.  January  the  8th,  the  air  of  Paris  gave  100;  the 
weather  frofty. 

January  the  13th,  the  air  of  Paris  gave  98 ; bard  froft. 
Thus  far  with  Dr.  Ingenhousz’s  obfervations.  His 

f 

apparatus  was  a very  portable  one,  made  by  Mr.  Martin, 
which  in  reality  is  the  eudiometer- tube  and  meafure,  as 
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ufed  by  Mr.  FontaKa,  before  be  made  his  iaft- mentioned 
improvement.  ‘‘  The  whole  of  this  apparatus/*  fays  Dr, 
Ingenhousz,  “ was  packed  up  in  a boK  about  tea  inches 
“ long,  five  broad,  and  three  and  a half  ^ high'.  The  glafs 
“ tube  or  great  meafure,  whieh  was  fixteen  4iK:hes  long,  and 
^‘divided  in  two  feparate  pieces,  lay  j in  a fmall  compafs, 
“ and  could  be  put  together  by  brafs  fcrews,  adapted  to  the 
“ divided  extremities.-  Inflead  of  a 'water-trough,  fuch  as  is 
ufed  commonly,  I made  ufe  of  a fmall  round  wooden 
“ tub,  6>cc.” 

The  reader  may  naturally  remark,  that  with  a fmdl 
apparatus,  and  with  a common  tub,  wherein  a proper  fhelf 
cannot  be  fixed,  and  allb  with  the  ufual  inconveniences 
that  are  met  with  in  travelling,  thofe  experiments  are  not 
capable  of  fuch  accuracy  as  their  nature,  and  the  fmall  dif- 
ference of  their  refults,  feems  to  require:  yet  Dr.  Ingen- 
housz, by  his  great  afiiduity,  was  become  very  expert  in  the 
management  of  thofe  experiments ; and,  I may  venture  to 
aflert,  he  has  performed  them  with  all  the  accuracy  that 
the  nature  of  the  apparatus  could  admit  of.- 

In  the  Ixixth  vol.  of  theFhil.  Tranf.  Mr.  iFontana  're- 
lates fome  experiments  made  by  him*  upon  the  purity  of 
common  air,  which  are  accompanied  with  very  proper 
remarks.  Thofe  experiments  were  made  long  before  the 
above-mentioned  obfervations  of  Dr,  Ingenhousz  ; yet  I 
have  thought  proper  to  take  notice  of  them  after  thofe  of 
the  Dodtor,  becaufe  they  contain  feveral  .remarks  applicable 
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to  the  fubjedt  in  general. — It  feems  proper  to  relate  thofe 
experiments  and  obfervations  of  that  judicious  and.  accurate 
philofopher  in  his  own  words. 

“ I have,”  fays  Mr,  Fontana,  “ not  the  leaf!:  helitation 
“ in  aflerting,  that  the  experiments  made  to  afcertain  the 
“ falubrity  of  the  atmofpherical  air  in  various  places,  in  dif- 
“ ferent  countries  and  fituations,  mentioned  by  feveral  au- 
thors,  are  not  to  be  depended  upon  ; becaufe  the  method 
“ they  ufed  was  far  from  being  exad:  *,  the  elements  or  in- 
“ gredients  for  the  experiment  were  unknown  and  uncertain, 
“ and  the  refults  very  different  from  one  another. 

“ When  all  the  errors  are  corred;ed,  it  will  be  found,  that 
“ the  difference  between  the  air  of  one  country  and  that  of 
“ another,  at  different  times,  is  much  lefs  than  what  is  com- 
‘‘  monly  believed,  and  that  the  great  differences  found  by 
“ various  obfervers  are  owing  to  the  fallacious  effed:s  of  un- 
“ certain  methods.  This  I advance  from  experience;  for  I 
“ was  in  the  fame  error.  I found  very  great  differences 
between  the  refults  of  the  experiments  of  this  nature,  which 
“ ought  to  have  been  fimilar;  which  diverfities  1 attributed 
“ to  myfelf  rather  than  to  the  method  I then  ufed.  At 
“ Paris  I examined  the  air  of  different  places  at  the  fame 
“ time,  and  efpecially  of  thofe  fituations  where  it  was  moft 
“ probable  to  meet  with  infeded  air,  becaufe  thofe  places 

* It  is  plain  that  Dr.  Ingenhousz’s  method  is  not  implied  in  this  remark  \ 
fince  the  Doctor’s  experiments  were  made  long  after,  and  the  method  ufed  by 
him  was  properly  that  of  Mr.  Fontana. 
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“ abounded  with  putrid  fubftances  and  impure  exhalations ; 
“ but  the  differences  I obferved  were  very  fmall,  and  much 
“ lefs  than  what  could  have  been  fufpedcd,  for  they  hardly 
“ arrived  to  one  fiftieth  of  the  air  in  the  tube.  Having 
“ taken  the  air  of  the  hill  called  Mount  Valerian,  at  the 
“ height  of  about  500  feet  above  the  level  of  Paris,  and 
“ compared  it  with  the  air  of  Paris,  taken  at  the  fame  time, 
“ and  treated  alike,  I found  the  former  to  be  hardly  one 
“ thirtieth  better  than  the  latter. 

“ In  London  I have  obferved  almofi:  the  fame.  The  air 
“ of  lllington  and  that  of  London  fuffered  an  equal  diminu- 
“ tion  by  the  mixture  of  nitrous  air;  yet  the  air  of  lllington 
“ is  efteemed  to  be  much  better.  I have  examined  the  air 
“ of  London,  taken  at  different  heights,  (for  inftance,  in  the 
‘‘  ftreet,  at  the  fecond  floor,  and  at  the  top  of  the  adjoining 
“ houfes)  and  have  found  it  to  be  of  the  fame  quality. 
“ Having  taken  the  air  at  the  iron  gallery  of  St.  Paul’s  cu- 
“ pola,  at  the  height  of  313  feet  above  the  ground,  and 
“ iikewife  the  air  of  the  ftone  gallery,  which  is  202  feet 
“ below  the  other;  and  having  compared  thefe  two  quantities 
“ of  air  with  that  of  the  ftreet  adjoining,  I found  that  there 
“ was  fcarce  any  fenfible  difference  between  them,  although 
“ taken  at  fuch  different  heights. 

“ In  this  experiment  a circumftance  is  to  be  confidered, 
“ which  mull  have  contributed  to  render  the  above-men- 
“ tioned  differences  more  fenfible  ; this  is,  the  agitation  of 
“ the  air  of  the  cupola,  for  there  was  felt  a pretty  brilk  wind 
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“ upon  It,  which  I obferved  to  be  ftronger  and  Wronger  the 
higher  I afcended;  whereas  in  the  ftreet,  and  indeed  in 
all  the  ftreets  1 pafied  through,  there  was  no  fenfible  wind 
“ to  be  felt.  This  experiment  was  made  at  four  in  the  after- 
“ noon,  the  weather  being  clear.  The  quickfilver  in  the 
barometer,  at  tha.t  time,  u^as  28,6  inches  high,  and 
‘‘  Farenheit’s  thermometer  liood  at  54°.” 

A few  lines  after,  Mr.  Fontana  proceeds  thus: — “ From 
‘‘  this  we  clearly  fee  how  little  the  experiments  hitherto 
“ publiflied,  about  the  differences 'of  common  air,  are  to  he 
“ depended  upon.  In  general  I find,  that  the  air  changes 
from  one  time  to  another ; fo  that  the  differences  between 
“ them  are  far  greater  than  thofe  of  the  airs  of  different 
“ countries,  or  different  heights ; for  inftance,  I have  found 
that  the  air  of  London,  in  the  months  of  September, 
“ Odober,  and  November,  1778,  when  treated  with  the 
“ nitrous  air,  gave  II, I,  1,90,  and  II,II,  2,25  which 
“ is  a mean  refult  of  many  experiments,  which  differed 
‘‘  very  little  from  each  other.  The  26th  day  of  November 
“ laft  I found  the  air,  for  the  firft  time,  much  better,  for 
“ it  gave  II,I,  1,80,  and  II, II,  2,20;  but,  the  14th  of 
“ February,  1779,  the  air  gave  II,T,  1,69,  and  II, II,  2,21  ; 
“ from  whence  it  appears,  that  the  air  of  this  14th  of 
February,  was  better  than  it  had  been  for  fix  months 
“ before. 

• Mr.  Fontana’s  formula  are  here  exprefled  according  to  our  method  of 
notation,  mentioned  in  the  VI.  Chapter  of  the  preceding  Part. 

“ There 
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There  can  be  no  doubt  of  the  accuracy  of  the  experi- 
“ ments,  becaufe  I compared  the  air  taken  at  different  times 
with  that  which  I had  firft  ufed  in  the  month  of  Septem- 
‘‘  ber,  and  which  I had  prefer ved  in  dry  glafs  bottles  accu- 
“ rately  flopped.” 

This  difference  in  the  purity  of  the  air  at  different  times, 
Mr.  Fo  NT  ANA  farther  remarks,  is  much  greater  than  the 
difference  between  the  air  of  the  different  places  obferved 
by  him  ; notwithftanding  this  great  change,  as  he  obferved, 
and  as  he  was  informed  by  various  perfons,  no  particular 
change  of  health  in  the  generality  of  people,  or  facility  of 
breathing,  was  perceived. 

Mr.  Fontana  laflly  concludes  with  obferving,  that  ‘‘  Na- 
“ ture  is  not  fo  partial  as  we  commonly  believe.  She  has 
“ not  only  given  us  an  air  almofl  equally  good  every  where, 
“ at  every  time,  but  has  allowed  us  a certain  latitude,  or  a 
“ power  of  living  and  being  in  health  in  qualities  of  air 
“ which  differ  to  a certain  degree.  By  this  I do  not  mean 
“ to  deny  the  exigence  of  certain  kinds  of  noxious  air  in  fome 
“ particular  places ; but  only  fay,  that,  in  general,  the  air  is 
“ good  every  where,  and  that  the  fmall  differences  are  not 
“ to  be  feared  fo  much  as  fome  people  would  make  us  believe, 
“ Nor  do  I mean  to  fpeak  here  of  thofe  vapours  and  other 
“ bodies  which  are  accidentally  joined  to  the  common  air  in 
“ particular  places,  but  do  not  change  its  nature  and  intrin- 
“ fical  property.  This  ftate  of  the  air  cannot  be  known  by 
“ the  tafte  of  nitrous  air,  and  thofe  vapours  are  to  be  con- 
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fidered  in  the  fame  manner  as  we  fhould  confider  fo  many 
“ particles  of  arfenic  fwimming  in  the  atmofphere.  In  this 
“ cafe  it  is  the  arfenic,  and  not  the  degenerated  air,  that 
“ would  kill  the  animals  who  ventured  to  breathe  it.** 

We  fee,  by  the  obfervations  of  this  accurate  philofopher, 
that  the  air  of  different  fituations  does  not  appear  to  be  much 
different  in  purity ; or  rather,  that  the  tafle  of  nitrous  air  is 
not  fufficient  to  difcover  the  purity  of  the  air  in  every  cir- 
eumftance.  This  obfervation  is  farther  confirmed  by  Dr. 
Priestley,  who,  in  his  fourth  volume  of  Exper.  and  Obfer. 
frankly  confeffes,  that,  from  his  various  experiments,  the  tafte 
of  nitrous  air  appeared  not  to  be  a very  accurate  criterion  of 
the  wholefomenefs  of  common  air.  The  Dodor  having  ex- 
amined, by  means  of  nitrous  air,  feveral  fpecimens  of  air  fent 
him  from  various  places,  efpecially  from  manufaduring 
towns,  and  confined  places,  found  very  little  difference  be- 
tween them  and  fuch  common  air  as  is  reckoned  very  good. 
However,  as  appears  from  the  narration  of  his  experiments, 
this  difference,  though  trifling,  feems  conftantly  to  fhew  that 
the  good  common  air  fuffered  the  greater  diminution.  The 
air  of  hot-houfes,  which  generally  affeds  the  people  with  an 
oppreflion  or  difficulty  of  refpiration  ; alfo  the  air  of  a calico- 
printing-houfc,  which  was  very  offenfive;  and  a fpecimen  of 
intolerably  flinking  and  naufeous  air  taken  in  the  hold  of  a 
veffel,  being  examined  by  Dr.  Priestley,  were  found  to  be 
diminifhed  by  nitrous  air  very  little  lefs  than  the  good  air  of 

Wiltfhire  was,  when  treated  in  a fimilar  manner.  The 
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worft  fpecimen  of  air  which  he  examined,  was  that  taken  in  a 
coal-pit  in  the  neighbourhood  of  Briftol.  The  air  of  dining- 
rooms, Dr.  Priestley  obferves,  to  be  foon  and  conifiderably 
vitiated  by  company  fitting  in  it,  becaufe  the  viduals,  the 
candles,  and  the  refpiration,  do  all  contribute  to  contaminate 
it,  efpecially  when  the  room  is  well  clofed,  and  its  fize  is 
fmall  in  proportion  to  the  company.  See.  “ The  extreme 
“ offenfivenefs,”y^jVJ  the  DoBor,  “ of  the  air  in  thefe  cir- 
“ cumftances  is  not  perceived  by  perfons  who  fit  in  it  from 
‘‘  the  beginning ; but  it  is  immediately  perceived  by  perfons 
“ who  ftep  out  of  the  room,  and  return  to  it. 

“ Dining  one  time  in  a company  of  not  more  than  eight  or 
“ ten  perfons,  in  a large  and  very  lofty  room,  and  being 
“ called  out  prefently  after  the  cloth  was  removed,  I was 
“ much  ftruck  with  the  offenfivenefs  of  the  air  on  my  return; 
“ and  being  willing  to  afeertain  the  degree  in  which  it  was  in- 
“ jured,  I took  occafion,on  fome  pretence  or  other,  to  pour  the 
“ water  from  one  full  decanter  into  another,  and  putting  in 
“ the  ftopper,  faw  that  nobody  opened  it  till  the  company  fe- 
“ parated.  I then  took  the  decanter  into  my  laboratory,  and 
“ examined  the  air  at  my  leifure;  when  it  appeared  to  be 
“ much  contaminated.  For  one  meafure  of  this  air,  and 
“ one  of  nitrous  air,  occupied  the  fpace  of  1.3 1 meafures ; 
“ when  the  fame  experiment  being  made  with  the  air  of  a 
well- ventilated  room  in  the  fame  houfe,  the  meafures  were 
1.43.  At  the  fame  time  I breathed  a quantity  of  air  till  it 
jufl  extinguiflied  a candle,  and  found  that  the  meafures 
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‘‘  were  1.43.-  So  that,  had  the  air  of  the  dining-room  re- 
“ ceived  a little  more  than  twice  as  much  more  phlogiftic 
“ matter,  as  it  was  charged  with  by  the  breathing  of  thefe 
“ eight  or  ten  perfons,  the  effluvia  of  the  vidiuals,  &c.  a 
candle  would  not  have  burned  in  the  room.  I would  ad- 
‘‘  vife,  therefore,  that  when  fuch  large  dining-rooms  are  built, 
“ providon  be  made  for  letting  out  the  vitiated  air  at  the  top 
“ of  them.  For  breathing  fuch  contaminated  air,  fo  long  a 
“ time  as  it  is  now  the  cuftom  to  do,  at  and  after  dinner,. 
“ muft  be  very  hurtful.  Otherwife,  if  it  were  not  incon- 
“ venient  on  other  accounts,  it  would  be  better  to  have  the 
dinner  in  one  room,  and  the  deffert  in  another*. 

In  the  fame  fedtion  Dr.  Priestley  relates  his  having  ex- 
amined by  various  ways  the  effed  of  the  fenftble  or  infenfble 
perfpiration  of  his  body  on  air ; but  he  found  that  the  air  was 
not  fendbly  worfted,  and  fometimes  was  rendered  feemingly 
a little  better  by  it.  I have  alfo  done  the  fame  thing,  in  a 
manner  rather  different  from  thofe  of  the  Dodor,  but  my 
experiments  were  attended  with  the  fame  refult. 

From  all  the  above-mentioned  obfervations  on  the  purity  of 
the  air  of  different  places,  and  the  tafte  of  nitrous  air,,  the 
following  inferences  feem  to*  be  naturally  deducible. 

I,  The  atmofpherical  air  feems  to  be  nearly  the  lame,  in 
refped  to  purity,  in  different  places ; at  lead:  the  differences 
of  the  diminutions  effeded  by  mixing  nitrous  air  with  the 
airs  of  various  places  are  very  fmall ; excepting  the  air  of 

* Exper.  and  Oferv.  vol.  iv.  fed.  27.. 

thofe 


475 


'<ind  other  permanently  tlajlic  Fluids » 

thofe  places  in  which  a vaft  quantity  of  phlogiftic  matter  is 
evidently  imparted  to  the  air,  as  is  the  cafe  in  the  vicinity 
of  putrid  marfhes,  and  other  fuch-like  places.  This  equa- 
bility of  the  air’s  purity  in  different  places,  Teems  very  natural, 
when  we  confider  that  good  and  vitiated  air  are  fo  quickly 
intermixed  by  the  winds,  and,  in  fhort,  by  the  continual  and 
quick  agitation  of  the  atmofphere. 

But,  independent  of  philofophical  experiments,  the  air  of 
different  countries,  and  thofe  not  very  far  from  each  other, 
differs  in  point  of  purity,  or  fitnefs  for  fupporting  animal  life. 
The  common  pradlice  of  phyficians,  the  fickly  conftitution 
of  the  inhabitants  of  fome  countries,  and  the  healthy  nature 
of  thofe  of  others,  do  clearly  evince  the  truth  of  this  remark. 
The  great  point  for  philofophers  to  inveftigate  is,  whether 
the  remarkable  effe(5ls  of  the  air  on  the  conftitutions  of 
people  is  owing  to  that  fmall  phlogiftication  of  the  air 
which  is  difcoverable  by  the  tafle  of  nitrous  air,  or  to  fome- 
thing  elfe. 

II.  The  tafte  of  nitrous  air  is  not  generally  a fure  method 
to  diflinguifh  the  purity  of  common  air;  for  fometimes  air, 
which  appears  to  be  very  good  by  the  tafte  of  nitrous  air, 
is  in  reality  very  offenfive,  and  unfafe  for  animal  refpiration  ; 
though,  on  the  other  hand,  it  is  certain,  that  air,  which  by 
the  tafte  of  nitrous  air  appears  to  be  bad,  is  always  unfit  for 
refpiration,  combuftion,  &c.  The  diminution  arifing  from 
the  mixture  of  nitrous  with  common  air,  being  a phlogiftic 
procefs,  ftiews  only  when  the  air  contains  a greater  or  lefs 
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quantity  of  that  element ; but  the  air  may  be  charged  with 
other  effluvia,  and  even  phlogiftic  ones,  though  the  phlo^- 
gifton  may  not  be  properly  and  intirpately  combined  with  the 
air ; under  which  circumftances  the;  air  may  be  quite  unfit 
for  refpiration,  yet  its  depravity  is  not  diftinguifhable  by 
means  of  nitrous  air.  The  fmell  is  far  from  being  always 
accompanied  with  the  depravity  of  the  air ; for  fometimes  air 
which  has  a very  difagreeable  fmell  is  not  offenfive,.  and,  on 
the  contrary,  air  which  is  noxious  to  the  highefl  degree  does 
not  in  the  leaft;  affe6l  the  fenfe  of  fmell. — Were  the  lives  of 
fmall  animals  of  the  fame  fpecies,  as  of  birds,  or  of  mice,  &c. 
fimilarly  afleded  by  like  and  equal  caufes,  to  confine  fuch 
animals  in  equal  quantities  of  different  forts  of  air,  and  to 
note  the  times  of  their  living  in  them  till  they  become  extindt, 
’would  be  the  fureft  but  cruel  method  of  afcertaining  the 
degree  of  purity  of  the  air. 

III.  The  air  of  different  feafons,  or  of  different  times,  has 
been  found  to  be  more  varying  in  degree  of  purity  than  the 
air  of  different  places  at  the  fame  time.  In  the  winter, 
when  the  weather  is  clear  and  frofty,  the  air  has  been  gener 
rally  found  to  be  in  the  purefl  ftate  ; probably,  becaufe  the 
corruption  of  fo  many  fubflances  is  at  that  time  retarded,  and 
in  great  meafure  hindered,  by  the  cold.  Accordingly,  in  the 
fummer,  and  efpecially  in  the  autumn,  when  a vail:  quantity 
of  vegetable  and  animal  fubflances  lie  upon  the  ground,  and 
their  dilfolution  and  putrefadion  is  haflened  by  the  heat,  and 
alfo  by  the  continual  moiflure,  when  thqfe  feafons  happen  to 
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be  very  rainy,  the  aff  is  then  lefs  pure.  But  fome  fudden 
changes  in  the  air’s -degree  of  purity  are  often  obfervable  at 
unexpecSled  times,’  e^ecially  at  the  changing  of  certain 
winds.  ‘ ^ -i  ’ , , •' { 

The  variations  of  the  air’s  purity,  and  the  concomitant 
phenomena,  are  highly  interefiing  to  mankind  in  general;  by 
'the  difcoveries  made  principally  in  the  prefent  age,’  feveral 
methods  are  deduced  by  which  this  fubjedl  may  be  examined, 
arid  many  ufeful  obfervations  have  been  actually  made  con- 
cerning it.  But  the  effential  part  feems  to  be  Bill  in  the 
dark ; it  is  therefore  requifite  that  philofophical  people,  in 
various  parts  of  the  world,  would  make  as  many  and  as 
various  experiments,  concerning  the  purity  of  the  air  at  dif- 
ferent times,  as  they  can  conveniently  contrive  and  perform, 
in  order  to  inveftigate  the  laws  of  thofe  changes;  which 
fubjed:  is  perhaps  the  moft  interefling  part  of  the  ftudy  of 
elaftic  fluids. 

We  are  now  to  exainineuhe  natural  and  artificial  means 
of  purifying  contaminated  air,  and  alfo  the  efledls  of  plants 
upon  that  element. 

That  the  air  which  has  ferved  for  refpiration,  and  for  com- 
buftion,  during  a certain  time,  is  unfit  to  affift  thofe  procefles 
any  longer,  has  been  known  to  philofophers  for  many  ages ; 
but  to  attempt  to  purify  contaminated  air,  and  to  render  it 
again  fit  for  refpiration,  combuftion,  6cc.  and  efpecially  to 
invefligate  the  methods  which  nature  ufes  for  this  great  reflo- 
ration,  has  been  the  objedt  of  very  late  philofophers.  Upon 
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the  old  fuppofition,  that  the  particles  of  bodies  of  almoft  every 
kind,  either  by  heat,  difTolution,  or  other  means,  afTumed  an 
elaftic  form,  and  became  refpirable  air,  it  might  be  eafily 
imagined  that  the  air,  vv^hich  is  continually  contaminated 
by  the  innumerable  phlogiftic  procefles,  is  abforbed  by  water, 
vegetables,  or  other  bodies,  and  that  at  the  fame  time  new  air 
s continually  generated,  fo  as  to  preferve  the  whole  flock  of 
atmofpheric  air  always  in  a proper  and  ufeful  degree  of  purity. 
But,  fince  that  fuppofltion  cannot  be  thought  plaufible,  in  the 
prefent  flate  of  knowledge  relating  to  the  fubjedt  of  perma- 
nently elaflic  fluids,  this  explanation  is  not  fatisfaclory. 

Mr.  Boyle  relates  of  one  Drebell^  who  pretended  to  have 
found  out  a liquor,  the  effluvia  of  which  could  render  con- 
taminated air  again  good  for  refpiration.  The  account  is  as 
follows : — And,  upon  this  fuppofition,  Cornelius  Drebell 
“ is  aflirmed,  by  many  credible  perfbns,  to  have  contrived  a 
veffel  to  be  rowed  under  water;  for  Drebell  conceived, 
“ that  it  is  not  the  whole  body  of  the  air,  but  a certain 
“ fpirituous  part  of  it,  that  fits  it  for  refpiration;  which  be- 
“ ing  fpent,  the  remaining  groflcr  body  of  the  air  is  unable  to 
cherifh  the  vital  flame  refiding  in  the  heart.  So  that^ 
“ befides  the  mechanical  contrivance  of  his  boat,  he  had  a 
“ chymical  liquor,  which,  by  unflopping  the  veffel  wherein 
“ it  was  contained,  the  fumes  of  it  would  fpeedily  reflore 
“ to  the  air,  fouled  by  refpiration,  fuch  a proportion  of 
vital  parts,  as  would  make  it  again  fit  for  that  office;  and 
“ having  made  it  my  bufinefs  to  learn  this  flrange  liquor, 
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‘‘  his  relations  conftantly  affirmed,  that  Drebell  would  never 
“ difclofe  it,  but  to  one  perfon  ; who  himfelf  told  me  what  it 
‘‘  was  *.’■ 

The  nature  of  this  liquor  was  never  publicly  known,  and 
probably  it  did  never  in  reality  exift  ; fince  it  is  now  afcer- 
tained,  that  the  air’s  unfitnefs  for  refpiration,  &c.  is  owing,  not 
to  its  having  loft  a vital  principle,  but  to  its  having  imbibed 
a fubftance,  to  wit,  phlogifton,  which  cannot  be  eaftly  fepa- 
rated  again  from  the  airj  efpecially  by  the  fumes  of  a 
liquor. 

Perhaps  the  above-mentioned  Drebell  made  the  people 
believe  that  he  had  a liquor  capable  to  reftore  the  air,  though, 
in  reality,  they  lived  in  that  confined  air  only  becaufe  its 
quantity  was  fufficient  to  fupport  their  lives  for  the  ftiort 
time  they  remained  in  the  vcflel  in  that  fubmarine  naviga- 
tion. Were  it  poffible  to  be  known  the  fize  of  the  veflel,  as 
well  as  the  time  of  its  remaining  under  water,  and  other  par- 
ticulars, we  might  eafily  and  pretty  nearly  calculate,  if  the 
number  of  people  employed  could  live  in  that  confined 
quantity  of  air  for  the  known  length  of  time,  without  chang- 
ing or  altering  the  nature  of  the  air.  But  this  is  not  parti- 
cularly related 

Previous  to  the  narratiork  of  thofe  methods  and  natural 


• BoyLi*s  Works,  on  the  Tpring  of  the  air,  exper.  41. 

It  is  only  faid,  that  this  veflel  was  made  for  King  James  I.  and  that  it 
carried  twelve  rowers,  befides  the  paflTengers.  It  was  tried  in  the  river  Thames. 
See  the  note  (b)  to  Chap.  I.  Book  I.  of  Dr.  Derham’s  Phyfico-theology. 
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procefTes  which  have  been  found  to  corred  contaminated  air, 
I think  it  proper  to  relate  feveral  unfuccefsful  attempts  of 
that  nature,  becaule  at  firft  fight  they  feem  very  plaufible,  and 
may  very  likely  induce  feveral  experimentators  to  try  them, 
and  thus  to  repeat  the  fame  fruitlefs  experiments  which  other 
obfervers  have  in  vain  attempted  before. 

Dr.  Priestley  tried  the  following  unfuccefsful  methods: — ■ 
He  found  that  mere  ftanding,  even  for  feveral  months,  in 
frefb  or  fait  water,  without  agitation,  is  fo  far  from  meliora- 
ting air  contaminated  by  refpiration,  that  it  is  rendered 
rather  more  deadly  by  it. 

The  adion  of  light,  or  of  any  other  influence  which  may 
pafs  through  the  pores  of  glafs,  was  found  inefledual  to  cor- 
red  this  contaminated  air,  when  it  was  kept  in  a thin  phial  in 
the  open  air  for  feveral  months. 

The  Dodor  tried  to  corred  the  phlogifticated  air  by  a 
great  variety  of  thofe  effluvia,  which  continually  exhale  into 
the  air,  and  which  arife  from  thofe  fubffances  that  are  wont  to 
refiff  putrefadion;  but  to  no  purpofe. 

The  fumes  of  burning  brimftone  * ; and  alfo  the  fumes 
of  fpirit  of  nitre,  and  of  crude  nitre  which  was  heated  by 
means  of  a burning-glafs,  were  tried  without  any  effed. 

Heat,  even  a very  ftrong  degree  of  it,  was  incapable  to 
reflore  contaminated  air. — As  the  manner  of  performing  this 

* This  experiment  was  fuggefled  to  the  Doflor,  by  the  account  publifhed  in 
the  Memoirs  of  the  Imperial  Society,  of  a plague  not  affeding  a particular 
village,  in  which  there  was  a large  fulphur-work. 
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experiment  is  very  w^ell  contrived,  and  may  be  of  ufe  for 
other  trials,  I (hall  add,  in  the  note.  Dr.  Priestley’s  own 
words 

Rarefadion  and  cohdenfation  by  inftruments;  and  ex- 
pofure  to  a quantity  of  fine  garden-mould,  were  alfo  found 
by  the  Dodor  to  be  incapable  to  meliorate  air  infeded  by 
animals  breathing  and  perifhing  in  it. 

Rarefadion  and  condenfation,  by  heat  and  artificial  cold, 
are  incapable  to  purify  tainted  air. 

If  air,  infeded  by  putrefadion,  be  agitated  in  water  aci- 
dulated by  vinegar,  or  by  the  mineral  acids,  it  will  not  thereby 
be  mended,  at  lead  the  effed  is  generally  the  fame  as  if 
water  only  was  ufed. 

To  mix  tainted  air  with  other  forts  of  elaftic  fluids  does 
neither  corred  it.  Indeed  there  are  fome  obfervations  in 
Dr.  Priestley’s  firft  volume  of  Experiments  and  Obfervations, 
which  feem  to  fhew  that  the  addition  of  fixed  air,  in  feme 
circumftances,  meliorates  infeded  air,  but  when  they  are 
duly  examined,  evidently  fhew  that  the  melioration  of  air, 


* “ In  order  to  try  the  efFeil  of  heat^  I put  a quantity  of  air  in  which  mice 
“ had  died,  into  a bladder,  tied  to  the  end  of  the  Hern  of  a tobacco-pipe,  at  the 
“ other  end  of  which  was  another  bladder,  out  of  which  the  air  was  carefully 
“ prefled.  I then  put  the  middle  part  of  the  ftem  into  a chafing-difh  of  hot  coals, 
“ ftrongly  urged  with  a pair  of  bellows-,  and  prefling  the  bladder  alternately,  I 
“ made  the  air  pafs  feveral  times  through  the  heated  part  of  the  pipe.  I have 
“ alfo  made  this  kind  of  air  very  hot,  ftanding  in  water  before  the  fire.  But 
“ neither  of  thefe  methods  were  of  any  ufe.”  Exper.  and  Obfer.  vol.  i.  part  i. 
fed.  4. 
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in  thofe  cafes,  is  owing  to  other  caufes,  rather  than  to  the 
mixture  of  fixed  air.  From  this  obfervation,  however,  we 
miifl:  except  the  mixing  of  the  vitiated  air  with  dephlogifti- 
cated  air ; for,  in  that  cafe,  it  is  evident,  that  the  compound 
mu  ft  be  purer  than  the  bad  air  was  by  itfelf ; and  that  more 
or  lefs,  in  proportion  to  the  quantities  and  qualities  of  the 
two  elaftic  fluids  employed, 

Notwithftanding  that  the  various  above-mentioned  means 
have  been  found  inefledlual  in  refioring  vitiated  air,  it  is, 
however,  not  improbable  that  nature  may  employ  fome  of 
thofe  very  fame  means  to  purify  the  atmofphere.  For  inftance, 
the  rarefadion  of  the  air  in  the  more  exalted  regions  of  the 
atmofphere,  the  influence  of  cold  or  heat,  &c.  may  contri- 
bute to  that  end,  when  they  a6t  all  together,  and  for  a 
confiderable  time. 

In  purfuance  to  thofe  experiments  of  Dr.  Priestley  and 
others,  I have  myfelf  often  attempted  to  mend  air  infedted  with 
the  effluvia  of  putrid  meat,  by  keeping  it  in  contadt  with  the 
decodlions  of  thofe  fubftances  which  are  reckoned  powerful  in 
rcftraining  putreladlion  ; efpecially  the  decodtion,  and  alfo  the 
limple  infufion  of  Peruvian  Bark;  fometimes  agitating  the 
phials  very  violently,  or  keeping  them  ftill  for  feveral  days  • 
but,  in  general,  my  experiments  were  attended  with  the  very 
fame  refult  as  if  Ample  water  had  been  ufed. 

The  only  efledlual  method,  at  prefent  known,  of  removing 
bad  air  from  thofe  places  in  which  it  is  unavoidably  and 
abundantly  produced,  is  ventilation,  that  is,  a continual  change 

of 
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of  the  air.  This  ventilation  is  fometimes  naturally  effeded 
by  the  nature  of  fome  buildings,  or  by  the  nice  difpolition  of 
walls,  flreets,  6cc. ; but  in  places  which  do  not  admit  of  hich 
proper  difpofition,  the  fame  effe<5l  is  produced  by  ventilators, 
which  are  a kind  of  large  bellows,  that,  when  put  in  adion, 
draw  in  the  outward  air,  and  difcharge  it  within  thofe  places 
in  which  there  is  lefs  natural  ventilation.  Thofe  ventilators, 
which  have  been  contrived  of  various  forms,  and  fo  as  to  go 
by  wind  or  water,  or  a horfe,  having  been  ufed  in  prifons, 
hofpitals,  the  holds  of  (hips,  and  other  places,  have  been  gene- 
rally found  very  ufeful.  In  the  conflruction  and  difpofitioii 
of  ventilators,  care  fhould  be  taken  to  diredt  the  ftream  of 
cold  air,  that  proceeds  from  them,  fo  as  not  to  fall  immedi- 
ately upon  the  people. 

It  is  evident  that  this  ventilation  cannot  be  called  a 
method  of  meliorating  bad  air  ; for  it  does  only  change  the 
bad  air  for  that  which  is  more  pure. 

Dr.  Hales  was  perhaps  the  firfl:  who  difcovered  a method 
of  meliorating  air  infe(5led  by  refpiration  ; at  leaft,  he  found 
that  he  could  breathe  for  a much  longer  time  a quantity  of 
air,  which,  in  the  courfe  of  refpiration,  was  made  to  pafs 
through  feveral  folds  of  cloth  dipped  in  vinegar,  or  in  a 
folution  of  fea  fait,  or  particularly  in  oil  of  tartar,  than  the 
fame  quantity  of  common  air  when  no  fuch  filtration  was 
ufed  The  prefent  advanced  fiate  of  the  fubjedl  readily 


* Siac.  EiTay-s,  vol.  i.  p.  2 6'6. 
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offers  an  explanation  of  this  phenomenon,  lince  it  is  now  well 
known,  that,  by  the  a<5l  of  refpiration,  part  of  the  common  air 
is  changed  into  fixed  air,  or  at  lead;  the  fixed  air  is  by 
fome  other  means  generated ; and  that  the  water  of  the  fo- 
lution  of  fait,  the  vinegar,  and  efpecially  the  oil  of  tartar, 
through  which  the  refpired  air  was  obliged  to  pafs,  abforb 
fixed  air  ; fo  that  the  fixed  air  being  abforbed,  in  Dr.  Hales’s 
experiment,  as  foon  as  it  was  generated,  the  remaining  air 
remained  ufeful  for  refpiration  much  longer  than  otherwife. 

Thus  if  three  animals  of  the  fame  fpecies,  &c.  be  confined 
each  in  a glafs  receiver,  containing  a given  and  conftant 
quantity  of  common  air  ; but  with  this  difference,  that  one 
of  thofe  receivers  be  inverted  in  quickfilver,  another  be  in- 
verted in  common  water,  and  another  in  lime-water,  and  be 
alfo  kept  continually  agitated — the  refult  will  be,  that  the 
animal  of  the  firft  receiver  will  die  firft,  then  that  of  the 
fecond,  and  laftly  that  of  the  third  receiver  will  perifh  j be- 
caufe  the  fixed  air  generated  by  the  refpiration  of  thofe 
animals,  and  which  fixed  air  is  highly  noxious,  is  not 
imbibed  by  the  quickfilver,  but  is  abforbed  in  great  meafure 
by  the  water,  and  is  much’  more  readily,  and  in  greater 
quantity,  abforbed  by  the  lime-water,  efpecially  when  the 
veffei  is  agitated. 

' Dr.  Priestley  fufpe£ts  that  unwholefome  air  may  lofc 
fome  of  its  pernicious  quality  by  mere  ftanding  in  a veffei  for 
a long  time.  “I  have  reafon,”y2y;j  he^  “ to  think  that  when 
“ very  unwholefome  air  is  conveyed  to  a great  difiance, 
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and  much  time  elapfes  before  it  is  tried,  it  approaches,  by 
“ fome  means  or  other,  to  the  (late  of  wholefome  air 
Perhaps  this  melioration  of  the  air  by  mere  ftanding,  may 
take  place  only  when  fome  of  the  offenfive  or  putrid  effluvia 
mixed  with  it  are  of  fuch  a nature  as  to  be  fufpended  in 
the  air,  in  confequence  of  their  particular  fpecihc  gravity, 
but  not  when  they  are  truly  combined  with  the  aerial 
particles. 

It  has  already  been  obferved  in  the  preceding  pages,  that 

I 

agitation  in  water  mends  air  tainted  with  refpiration  and 
putrefadion ; and  we  may  fay  in  general,  that  it  mends  bad- 
or  phlogifticated  air,  in  whatfoever  it  may  have  been  depraved. 
That  the  water,  in  this  cafe,  abforbs  from  tke  air  fomething 
elfe  beiides  fixed  air,  is  plain  from  various  obfervations,  but 
principally  becaufe  phlogifticated  air,  that  does  not  contain  any 
fixed  air,  as  the  air  phlogifticated  by  the  calcination  of 
metals,  is  alfo  confiderably  mended  by  agitation  in  water. 
It  feems,  therefore,  plain,  that  water  abforbs  the  phlogifton 
from  phlogifticated  air,  when  agitated  in  it.  That  this 
may  be  one  of  the  methods  employed  by  nature  for  the 
purification  of  the  atmofphere  in  general,  feems  exceedingly 
probable,  and  analogous  to  fome  of  its  other  great  operations. 
Not  only  the  continual  agitation  of  the  water  of  the  fea, 
rivers,  lakes,  &c.  but  alfo  the  rain  and  dew,  may  contribute 
to  that  great  purpofe. 

The  drops  of  rain  from  the  place  where  they  are  formed, 


* Exper.  and  Obfer.  vol.  iv.  p.  27*. 
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till  they  fall  upon  the  ground,  muft  pafs  through  a vaft 
quantity  of  air,  and,  by  touching  its  particles,  muft  certainly 
wafti  and  feparate  from  them  many  heterogeneous  bodies 
which  infedt  the  atmofphere.  Independent  of  the  above- 
mentioned  philofophical  experiments,  this  aflertion  is  con- 
firmed by  the  common  obfervation,  of  the  rain-water  being 
at  fome  particular  times,  and  efpecially  in  certain  countries, 
evidently  impregnated  with  various  faline,  earthy,  and  other 
fubftances,  which  often  give  it  a peculiar  tafte  and  fmell. 

Dr.  Priestley’s  unfuccefsful  experiments  concerning  this 
fiibjed:,  and  his  unwearied  labour,  were  at  laft  rewarded,  by 
the  difcovery  of  a liatural  method  of  meliorating  contami- 
nated air.  He  found  that  air,  which  had  been  rendered 
perfectly  noxious  by  animals  breathing  and  dying  in  it,  was 
fo  far  reftored  by  the  vegetation  of  plants,  that,  after  fome 
days,  an  animal  would  live-in  it  nearly  as  well  and  as  long  as 
in  an  equal  quantity  of  common  air. 

This,  like  other  great  difeoveries,  was  imperfedl  at  firft; 
for  fometimes  the  phenomena  attending  the  experiments 
varied,  when  all  the  apparent  neceflary  circumftances  were 
the  fame ; fo  that,  by  the  vegetation  of  the  fame  fpecies  of 
plants,  air,  equally  noxious,  was  not  always  purified  alike. 
And  the  Dodor  himfelf,  with  his  ufual  candour,  feems,  in 
fome  part  of  his  publications,  to  doubt  of  the  general  truth 
of  this  law.  But  by  farther  obfervations,  and  efpecially  by 
the  late  experiments  of  Dr.  Ingenhousz,  this  fubjed  has 
been  much  elucidated. 
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“ When  fays  Dr,  Priestley,  “ has  been  frefhly  and 
“ ftrongly  tainted  with  putrefadion,  To  as  to  frnell  through 
“ the  water,  fprigs  of  mint  have  prefently  died,  upon  being 
“ put  into  it,  their  leaves  turning  black ; but  if  they  do  not 
“ die  prefently,  they  thrive  in  a moft  furprifing  rnanner. 
“ In  no  other  circumftances  have  I ever  feen  vegetation 
“ fo  vigorous  as  in  this  kind  of  air,  which  is  immediately 
“ fatal  to  animal  life, 

“ Though  thefe  plants  have  been  crouded  in  jars  filled 
“ with  this  air,  every  leaf  has  been  full  of  life  ; frefh  fhoots 
“ have  branched  out  in  various  diredions,  and  have  grown 
much  fafler  than  other  fimilar  plants,  growing  in  the 
fame  expofure  in  common  air*.” 

The  Dodor  having  rendered  a quantity  of  air  thoroughly 
noxious,  by  mice  breathing  and  dying  in  it,  divided  it  into 
two  receivers,  inverted  in  water  ; then  he  introduced  a fprig 
of  mint  into  one  of  them,  and  kept  the  other  unaltered. 
About  eight  or  nine  days  after,  he  found,  upon  trial,  that 
the  air  of  the  receiver  in  which  the  fprig  of  mint  had 
vegetated,  was  become  again  refpirable  ; for  a moiife  intro- 
duced in  it  lived  very  well,  whereas  it  died  the  moment  it 
was  introduced  into  the  air  of  the  other  glafs  jar.  This 
experiment  was  made  in  the  month  of  Augufl:  177 if. 
The  Dodor  having  repeated  it  feveral  times,  both  in  that 
and  the  following  year,  and  with  air  tainted  either  by 

* Exper.  and  Obfer.  vol.  i.  part  i.  fed.  4, 
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aniaials  breathing  and  dying  in  it,  or  by  the  putrefadHon  of 
animal  and  vegetable  fubftances,  generally  met  with  the  fame 
fuccefs;  but  he  remarks,  that  towards’  the  end  of  the  year, 
fome  experiments  of  this  kind  did  not  anfwer  fo  well  as  in 
the  hot  feafon. 

The  general  inferences  which  may  be  deduced  from  thofe 
experiments  of  Dr.  Priestley  are  the  following.  I.  The 
vegetation  of  plants  is  capable  to  purify  air  tainted  by  refpi- 
ration,  and  by  putrefaction  of  animal  and  vegetable  fubftances. 
When  the  air  is  truly  noxious,  vegetation  does  not  purify  it 
to  fuch  degree  as  that  a candle  will  burn  in  it ; but  air 
infeCted  by  the  burning  of  a candle  will  be  mended  by 
vegetation,  fo  that  a candle  will  burn  in  it  again.  II.  This 
melioration  of  tainted  air  by  vegetation  is  effected  in  a few 
days;  a long  time  feems  to  render  the  refult  uncertain;  for 
fometimes  Dr.  Priestley  found  that  tainted  air  was  not 
only  not  mended,  but  rather  rendered  worfe,  by  plants  vege- 
tating long  in  it.  Perhaps  this  effeCt  may  be  owing  to  fome 
leaves,  or  other  parts  of  the  plants,  becoming  dead  or  putrid. 
Ill,  Laftly,  It  feems  probable  that  plants  abforb  fome  of 
the  phlogifton,  or  putrid  and  other  effluvia  from  the  air, 
and  that  this  imbibed  phlogifton  is  gradually  incorporated 
with  their  fubftance,  fo  as  to  be,  in  great  meafure,  their 
aliment;  it  being  well  known  that  putrid  matter  aftbrds 
proper  nourifhment  for  their  roots ; and  it  is  likely  that 
plants  fhould  alfo  imbibe  phlogiftic  and  putrid  effluvia  from 
the  air,  through  the  pores  of  their  leaves,  ftocks,  See. 

“ Thefe 
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Thefe  proofs,”  fays  Dr.  Pri  ESTLEY,  of  a partial 
“ refloration  of  air  by  plants  in  a flate  of  vegetation,  though 
“ in  a confined  and  unnatural  fituation,  cannot  but  render  it 
“ highly  probable,  that  the  injury  which  is  continually  done 
“ to  the  atmofphere  by  the  refpiration  of  fuch  a number  of 
“ animals,  and  the  piitrefadion  of  fuch  maffes  of  both  vege- 
“ table  and  animal  matter,  is,  in  part  at  leaft,  repaired  by  the 
“ vegetable  creation.  And,  notvvithflanding  the  prodigious 
‘‘  mafs  of  air  that  is  corrupted  daily  by  the  above-mentioned 
‘‘  caufes,  yet,  if  we  coniider  the  immenfe  profufion  of  vege- 
“ tables  upon  the  face  of  the  earth,  growing  in  places  fuited 
to  their  nature,  confequently  at  full  liberty  to  exert  all 
“ their  powers,  both  inhaling  and  exhaling,  it  can  hardly 
“ be  thought,  but  that  it  may  be  a fufficient  counterbalance  to 
“ it,  and  that  the  remedy  is  adequate  to  the  evil 

After  the  publication  of  thofe  experiments  and  obferva- 
tions  concerning  the  above-mentioned  power  of  plants, 
feveral  perfons,  among  thofe  who  endeavoured  to  repeat 
them,  could  not  fucceed ; in  confeqence  of  which.  Dr. 
Priestley  reaffumed  this  courfe  of  experiments  in  the  fpring 
and  fummer  of  1778,  and  publifhed  an  account  of  their  refult 
in  his  fourth  volume  of  Experiments  and  Obfervations. 

They  furnifh  the  following  general  remarks. — Having  tried 
the  power  of  feveral  forts  of  vegetables  upon  air  infected 
by  refpiration,  or  by  the  burning  of  candles,  he  found  that 
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the  air  was  generally  rendered  worfe  by  their  vegetation,  and 
the  longer  the  plants  were  kept  in  the  infedled  air,  the  more 
they  phlogifticated  it  ; though  in  feveral  cafes  the  air  was 
undoubtedly  meliorated,  efpecially  by  the  (hoots  of  ftrawberries, 
and  fome  other  plants,  which  were  introduced  into  the  phials 
containing  foul  air,  and  inverted  in  water,  which  were  placed 
near  them,  whilft  their  roots  continued  in  the  earth,  in  the 
garden.  Sometimes  the  infedled . air  was  fo  far  mended  by 
the  vegetation  of  plants,  that  it  was,  in  great  meafure,  turned 
into  dephlogifticated  air;  fo  that,  in  general,  the  refult  of 
th  is  fecond  courfe  of  experiments  feemed  to  have  been  rather 
contradidory  to  that  of  the  former,  and  confequently  not  fo 
favourable  to  the  above-mentioned  hypothecs.  ‘‘  Upon 
“ the  whole,’*y^r  Dr.  Priestley,  “I  ftill  think  \t probable 
“ that  the  vegetation  of  healthy  plants,  growing  in  (ituations 
natural  to  them,  has  a falutary  eifecSt  on  the  air  in  which 
“ they  grow.  For  one  inftance  of  the  melioration  of  air  in 
“ thefe  circumftances,  fhould  weigh  againft  a hundred  cafes  in 
“ which  the  air  is  made  worfe  by  it,  both  on  account  of  the 
“ many  difadvantages  under  which  all  plants  labour,  in  the 
“ circumflances  in  which  thele  experiments  mufl:  be  made,. 
“ as  well  as  the  great  attention  and  many  precautions  that 
“ are  requifite  in  conducting  fuch  a procefs*.” 

The  fmcll  of  dowers,  even  the  mod  delicate.  Dr. 
Priestley  obferved,  injures  common  air..  A full-blown 
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rofe  having  been  put  in  a glafs  jar,  containing  about  four 
ounce  meafures  of  common  air,  was  found  to  infedt  the  air 
fo  much,  that,  the  day  after,  it  was  become  quite  unfit  for 
refpiration,  and  three  days  after  it  was  rendered  fo  bad 
that  it  fuffered  hardly  any  fenlibie  diminution  by  nitrous  air. 
Yet  the  rofe,  when  taken  out  of  the  receiver  after  thofe  three 
days,  appeared  to  retain  all  its  agreeable  fmell.  This  fadt, 
however,  has  not  been  conftantly  obferved  by  thofe  who 
have  repeated  fuch  experiments  ; for  with  fome  perfons  the 
air  was  either  very  little  or  not  at  all  phlogifticated  by 
flowers  being  confined  in  it.  But  thofe  experiments  are 
fubjedt  to  many  variations  and  uncertainties. 

In  the  courfe  of  the  above-mentioned  experiments  on 
plants.  Dr.  Priestley  difcovered  that  the  willow-plant 
(called  by  Linn^us  epilobiu7n  hirfutum)  had  the  remarkable 
property  of  abforbing  a confiderable  quantity  of  common  air, 
and  alfo  of  nitrous  and  of  inflammable  air*.  The  quantity 
of  common  air,  which  remained  unabforbed  in  the  receiver, 
was  found  phlogifticated ; yet  the  diminution  could  not  be 
intirely  attributed  to  the  phlogiftication,  becaufe  that  means 
will  not  diminifti  common  air  of  more  than  one  fourth  at 
moft;  whereas  the  quantity  of  air  expofed  to  the  willow- 
plant  was  fometimes  almoft  intirely  abforbed.  The  re- 

* As  this  plant  grows  generally  in  water,  the  jar  of  air  was  inverted  in  the 
water  in  which  the  fame  grew  •,  and,  in  order  to  keep  it  fteady,  it  was  faftened 
to  a flick  fixed  in  the  bottom  of  the  pool  i then,  bending  the  plant,  the  top  of  it 
was  introduced  into  the  jar. 
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mainder  of  inflammable  air,  (when  thiselaftic  fluid  was  ufed) 
after  that  the  willow  had  abforbed  part  of  it,  was  ftill  inflam- 
mable ; but  the  utmofl:  limits,  and  other  particulars  relating 
to  this  remarkable  property  of  the  willow-plant,  are  not  yet 
fully  afcertained. 

It  has  been  obferved,  both  by  Dr.  Priestley  and  Mr. 
ScHEELE,  that  plants  do  not  grow  fo  well  in  dephlogifticated 
as  in  common  air;  and  indeed,  they  generally  grow  better  in 
phlogifticated  than  in  common  air.  This,  as  Dr.  Priestley 
juftly  obferves,  is  a great  proof  that  plants  abforb  phlogifton 
from^  the  air  in  the  ad  of  vegetation  : fince  we  fee  that  when 
the  air  contains  more  of  that  principle,  the  plants  thrive  better 
in  it;  and,  on  the  contrary,  that  they  don’t  grow  well  in  de- 
phlogifticated  air,  which  contains  a very  little  quantity  of 
phlogifton  in  comparifon  to  common  air.  We  may,  from 
this  obfervation,  deduce  an  argument  to  prove,  that  the 
whole  ftate  of  the  atmofphere  has  been  generally  the  fame  as 
it  is  at  prefent,  in  refped  to  purity,  rather  than  to  have  been 
purer  in  former  times,  and  to  have  afterwards  gradually 
degenerated  ; for  had  the  atmofpherical  fluid  been  nearer  to 
the  nature  of  dephlogifticated  air  one  or  two  thoufand  years 
ago,  the  plants  (except  they  have  altered  their  nature  in  differ- 
ent times)  could  not  have  grown  fo  well,  and  have  been  in  fo 
flourifhing  vegetative  ftate  as  they  are  at  prefent;  which,  by  all 
the  accounts  and  traditions  handed  down  to  us,  appears  to 
have  been  not  the  cafe. 

The  numerous  experiments  of  Dr.  Ingenhousz,  publiflied 
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in  1779)  not  only  throw  great  light  upon  this  fuhjedl  of 
the  power  of  plants  upon  air,  &c.  but  reconcile  feveral  con- 
tradictions feemingly  eflabliihed  by  the  preceding  experiments 
of  other  perfons. — The  following  is  a concife  account  of  the 
fame. 

I.  The  Doctor  has  obferved  that  plants  have  a power  to 
correct  bad  air,  and  to  improve  common  air,  in  a few  hours, 
when  expofed  to, the  light  of  the  fun;  but  in  the  night-time, 
or  in  general  when  they  are  not  influenced  by  the' rays 
of  the  fun,  they  contaminate  common  air.  This  property  is 
not  poflefl'ed  by  all  forts  of  plants  in  an  equal  degree;  but  it 
is  not  accompanied  by  .other  viflble  properties  of  the  plants; 
for  fome  plants,  which  are  not  reckoned  very  good  for  food, 
or  which  give  a bad  fmell,  poflefs  this  property  in  a more 
eminent  degree  than  fome  other  plants,  which  by  their  ex- 
ternal appearances  ,would  be  thought  much  preferable. — - 
The  method  ufed  to  prove  this  property  of  plants,  was  the 
following: — A phial  was  filled  with  air,  fouled  either  by  refpi- 
ration  or  by  combuftion ; then  a fprig  of  any  required  plant 
was  introduced  in  it,  by  pafling  it  through  the  water  in  which 
the  mouth  of  the  phial  was  immerfed.  This  done,  the  phial 
was  flopped,  or  it  was  removed  from  the  large  tub  into  a fmall 
bafin  full  of  water,  and  was  expofed  to  the  fun,  or  fituated 
in  fome  other  place,  as  occafion  required. — Air  fouled  by 
breathing,  in  which  a candle  could  not  burn,  after  being 
expofed  to  the  fun  for  three  hours,  with  a fprig  of  pepper- 
mint in  it,  was  fo  far  corrected  that  a candle  would  burn  in 

it 
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it  again.  The  fame  effect  was  produced  by  other  plants, 
the  particulars  of  which  it  is  not  neceffary  to  mention,  ex- 
cepting one,  which  is  very  deciiive.  A muJlard-y^X^SiX  was 
put  in  a glafs  receiver,  containing  common  air,  and  its  ftem 
was  cut  off  even  with  the  mouth  of  the  receiver.  The 
receiver  was  then  inverted  in  an  earthen  pan,  containing 
fome  water  to  keep  the  plant  alive,  and  the  whole  apparatus 
was  fet  over-night  in  a room.  Next  morning,  part  of  the 
air,  being  taken  out  of  the  receiver,  was  examined,  and  it 
was  found  fo  far  contaminated  that  it  extinguifhed  the  flame 
of  a wax  taper.  The  apparatus  then  was  expofed  to  the 
fun,  and  after  a quarter  of  an  hour,  part  of  its  air  being  taken 
out  and  examined,  was  found  to  be  fomewhat  corrected  ; 
after  one  hour  and  half,  the  air  was  found  to  be  conflderably 
better,  and  after  three  hours  it  was  found  fo  far  improved, 
tTat  not  only  a candle  burned  in  it,'  but  by  the  nitrous  taffe 
it  appeared  to  be  better  than  common  air. 

- II.  Plants  not  only  mend  bad  air,  but  yield,  out  of  their 
fubftance,  pure  refpirable  air,  or  ^ d’ephlogifticated  air,  when 
they  are  expofed  to  the  fun;  but  in  the  night-time,  or  when 
they  are  fcreened  from  that  luminary,  they  yield  very  impure 
air. — -This  remarkable  property  of  plants  was  proved  by  the 
Dodlor  in  the  following  manner: — Either  the  leaves  only,  or 
the  whole  plants,  were  introduced  into  glafs  receivers,  filled 
with  and  inverted  in  bafins  full  of  pump- water*;  then  the 

apparatus 

• Dr.  Ingenhousz  having  tried  different  forts  of  water,  as  rain-water,  river- 
water,  diftilled  water,  &c.  found  that  pump- water  will  anfwer  the  beft  for  thofe 
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apparatus  was  expofed  to  the  fun,  and  the  air,  coming  out  of 
the  pores  of  the  leaves,  formed  itfelf  into  fmall  parcels,  which 
grew  gradually  larger  and  larger,  till  they  left  the  furface  of 
the  leaves  and  afcended  to  the  top  of  the  receiver,  &c.  By 
adlual  trial  the  Dodlor  afcertained  that  it  was  the  light  of  the 

experiments,  and  he  exprefsly  recommends  to  ufe  that  water,  in  cafe  any  perfon 
chofc  to  repeat  his  experiments’; — It  is  known  (as  difcovered  by  Dr.  Priestley) 
that  pump-water,  when  expofed  to  the  fun,  gives  a quantity  of  dephlogifticated 
air:  hence  it  might  be  fuppofed,  that  the  dephlogifticated  air  in  thofe  experiments 
with  plants  was  produced  by  the  water  rather  than  by  the  plants  ; but  the  Doftor 
removes  that  objedlion,  by  obferving  that  pump-water  by  itfelf  requires  a long 
time  to  yield  any  dephlogifticated  air;  fo  that  if  two  receivers  be  filled  with  pump- 
water,  and  in  one  of  them  only  be  introduced  feme  leaves  of  plants,  on  being 
expofed  to  the  fun  it  will  be  found,  that  in  a ftiort  time,  as  about  one  or  two 
hours  time,  a confiderable  quantity  of  dephlogifticated  air  is  accumulated  into- 
the  receiver  with  the  leaves,  but  in  the  other  either  there  is  no  air  at  all,  or  an 
exceedingly  fmall  quantity.  The  reafon  why  no  dephlogifticated  air  is  obtained 
from  plants  when  they  are  introduced  in  receivers  filled  with  frelh  diftilled  water, 
the  Doeftor  imagines  to  be,  that  the  diftilled  water,  not  containing  any  elaftic 
fluid,  abforbs  the  dephlogifticated  air  as  foon  as  it  is  produced  by  the  plants.- 
But  then  it  ftiould  follow,  that,  by  afterwards  boiling  that  water,  the  elaftic  fluid 
abforbed,viz.  the  dephlogifticated  air,  fliould  be  feparat^d  from  it ; this,  however, 
does  not  appear  to  have  been  tried  by  the  Dodlor.  Notwithftanding  the  Dodtor’s 
reafons  to  obviate  the  above-mentioned  objedlion,  it  is  neverthelcfs  doubtful 
whether  or  no  the  dephlogifticated  air,  at  leaft  in  part,  may  be  produced  by 
the  pump-water  5 for  although  it  has  been  obferved  by  Dr.  Priestley,  that 
pump-water  yields  the  dephlogifticated  air  very  flowly,  when  expofed  to  the  fun 
by  itfelf,yec  we  don’t  know  how  it  may  be  afiedled  when  plants  are  in  it,  and 
whether,  in  that  cafe,  the  diredl  light  of  the  fun  can  force  the  dephlogifticated 
air  out  of  it  more  eafily. — Dr  Priestley  obferved,  that  when  the  ufual  green 
matter  began  to  be  formed  on  the  fides  and  at  the  bottom  of  the  veffcls 
containing  the  pump-water  that  was  expofed  to  the  fun,  then  the  water 
yielded  the  dephlogifticated  air  very  faft. 
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fun,  and  hot  heat,  that 'forced,' as  it  may  be'faid,  the  dephlo- 
gifticated  air  out  of  the  plants.  This.,  power  of  yielding 
dephlogifticated  air  is  different  in  different  plants,  that  is, 
fome  plants  give  more  of  it  than  others  : but  this,  as  we  faid 
of  their  power  of  correcting  bad  air,  is  not’  conformable  to 
their  other  known  qualities ; for  the  byofcyamus^  the  lauro- 
cerafus^  the  night -Jhade-t  the  tobacco~pla7tt^  the  atriplex  vul- 
variay  the  cicuta  aquatica,  and  the  fabinUy  which  are  of  a 
dangerous  nature,  were  found  to  yield  very  good  dephlo- 
‘gifticated  air.  Dr.  Ingenhousz  obtained  the  befl;  dephlo- 
gifticated  air  from  fome  aquatic  plants,  from  the^  turpentine- 
trees,  and  efpecially  from  the  green  matter, which  he  collected 
frorn  a ftone  trough,  which  was  kept  continually  full  of  water, 
near  a fpring  upon  the  high-road.  The  purity“*of  this  de- 
phlogifticated  air  is  equal,  if  not  fuperior,  to  that  of  the  pureft 
fort  that  is  obtained  by  chymical  procefles ; as  it  fometimes 
requires  a quantity  of  nitrous  air,  above  eight  times  its  own 
bulk,  before  it  is  faturated,  viz.  before  the  diminution  ceafes. 

III.^  It  is  not  every  part  of  the  plant  that  improves  common 
air,  and  yields  dephlogifticated  air,  but  only  the  leaves  and 
green  ftalks.  The  full-grown  leaves  yield  the  pureft  dephlo- 
gifticated air,  and  in  the  greateft  quantity,  efpecially  from 
their  under  furface. 

One  hundred  leaves,”  the  DoSiory  “ of  Naflurjium 
“ Indicum  were  put  in  a jar  holding  a gallon,  filled  with 
pump-water  5 it  Was’  expofed  to  the  fun  in  the  ordinary 
“ way,  between  ten  and  twelve  o’clock,  when  fo  much  very 
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“ fine  dephlogifticated  air  was  fettled  at  the  inverted  bottom 
“ of  the  jar,  that  it  filled  a cylindrical  jar  4^  inches  long, 
“ and  r-*- inch  diameter  ; which  air  gave,  by  the  nitrous 
“ tafte,  1.94;  1.82;  1.67;  1.57;  2.454;  3.44^* 

“ All  the  air  of  thefe  hundred  leaves  being  taken  away, 
“ they  were  again  expofed  to  the  fun,  till  feven  o’clock  in 
“ the  evening,  when  about  half  the  above-mentioned  quan- 
“ tity  of  dephlogifticated  air  was  again  found  in  the  jar, 
“ which  proved  to  be  ftill  better  than  the  former  ; its  teft 
“ was  1.99;  1.87;  1.734;  1.65;  1.934;  2.85;  3.79. 

“ After  feparating  again  this  air  from  the  leaves,  I replaced 
“ the  jar  in  the  open  air  upon  the  fame  place,  and  left  it  till 
“ next  morning  at  eleven  o’clock,  when  I colledted  from  the 
“ fame  leaves  nearly  the  fame  quantity  as  the  laft  time,  of 
“ very  fine  dephlogifticated  air,  fettled  at  the  top  of  the  jar. 
“It  gave  by  the  nitrous  teft  1.914;  1^75;  1.58;  1.44; 
“ 2.20;  3.15;  3.89  f.” 

The  roots  of  plants,  when  kept  out  of  ground,  generally 
yield  bad  air,  and  at  all  times  contaminate  common  air,  a 
tew  only  excepted.  Flowers  and  fruits,  in  general,  yield  a 
very  fmall  quantity  of  very  noxious  air,  and  contaminate  a 
great  quantity  of  common  air  at  all  times,  efpecially  in  the 

* It  fignifies,  that  to  two  meafures  of  the  dephlogifticated  air,  one  meafure  of 
nitrous  air  being  added,  after  Mr.  Fontana’s  method,  the  whole  was  reduced 
to  one  meafure,  more  of  a meafure;  after  adding  another  meafure  of  nitrous 
air,  the  whole  was  reduced  to  one  meafure,  more  ; and  fo  of  the  reft. 

4 Experiments  upon  Vegetables,  part  ii.  feft.  iv. 
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dark  and  by  nigbt  Two  dozen  of  young  and  fmall 
French  beans,  being  kept  in  a quart  jar  of  common  air  for 
one  night,  contaminated  the  air  to  fu'ch  a degree,  that  by  the 
nitrous  tafte  it  gave  1,1,  1.95  ; and  a very  lively  chicken, 
about  nine  days  old,  being  introduced  into  this  air,  fhewed 
iigns  of  the  utmoft  anxiety  as  foon  as  it  entered  the  jar,  and 
died  in  lefs  than  half  a minute.  ’ ’ 

IV.  The  office  of  plants  to  yield  dephlogifticated  air, 
begins  a few  hours  after  the  fun  has  made  its  appearance 
above  the  horizon,  or  rather  after  it  has  paffed  the  meridian, 
and  ceafes  with  the  clofe  of  the  day ; excepting  fome  plants, 
which  continue  it  a fhort  time  after  fun-fet.  The’  quantity 
of  dephlogifticated  air,  yielded  by  plants  in  general,  is  greater 
in  a clear  day,  than  when  it  is  fomewhat  cloudy;  and  alfo, 
it  is  greater  when  the  plants  are  more  'expofed  to  the  fun 
than  when  they  are  fituated  in  (Faded  places.  Conftderi'ng 
the  whole  effedt  of  plants  by  night  as  well  as  by  day.  Dr. 
Ingenhousz  obferves,  that  the  damage  done  by  plants  in  the 

* There  are  fome  experiments  of  Mr.  Fontana,  which  feem  quite  contrary 
to  the  obfervations  of  Dr.  Ingenhousz  relative  to  flowers;  for  Mr.  Fontana, 
having  kept  various  flowers  in  receivers  full  of  air  during  feveral  hours,  found 
that  the  air  was  not  injured  thereby.  “ J’ai  fays  he ^ “ fait  quelques  expe- 

“ riences  pour  voir  fi  les  odeurs  des  fleurs  pouvoient  alterer  I’air  commun.  J’ai 
“ rempli  de  rofes,  de  jafmins,  de  girofles,  differens  vaifleaux  que  j’ai  tenu  enfer- 
“ mes  plufieurs  heures.  L’air  des  recipiens  ne  m’a  pas  paru  diminue  ni  de- 
“ teriore.  Les  animaux  I’ont  refpirc  tres-bien  ; les  chandellcs  y ont  brule 
“ comme  dans  I’air  commun,  & I’air  nitreux  la  diminue  comme  auparavant.” 
See  le  Journal  de  Phyfique  par  le  1778.  Supplement  aux  experiences  fur  le 
fourmis. 
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ni2;ht-time,  is  more  thaft  GOUtitefbalahbed  by  the  benefit  they 
afford  in  thc  day-time.  “ By  a rough  calculation,”  he^ 
“ I found  the  poifonous  air  yielded  during  the  whole  night 

by  any  plant,  could  not  amount  to  looth  part  of  the 
“ dephlogifticated  air  which  the  fame  plant  yielded  in  two 
“ hours  time  in  a fair  day.” 

V.  Laftly,  it  muff  be  obferved  that  plants  do  not  feem  to 

■ • ^ 

produce  dephldgifficated' air  by  a kind  of  generation,  or  by 
converting  fom6  other  principle  into  that  elaffic  fluid,  but  only 
by  filtrating  the  common  air  (for  plants  abforb  common  air  'f*) 
and  feparating  the  phlogiffon  from  it ; which  phlogiffon, 
by  the  joint  experiments  of  Dr.  Ingenhousz  and  others,  has 
been  evidently  fhewn  to  be  abforbed  by  plants,  and  to  be 
incorporated  in  their  nature ; in  which  operation  they  do 
juft  the  contrary  of  what  is  performed  by  animals,  viz.  plants, 
in  their  vegetation,  abforb  phlogiffon  from  the  air ; whereas 
animals,  by  their  refpiration,  feparate  the  phlogiffon  from 
their  bodies  and'  give  it  to  the  air  J.- — Dry  plants  have 
very  little  or  no  power  to  affed  common  air,  except  they  are 
moiftened.  ' i :'"  ;; 

The  Doffor^  in  the  courle  of ^ his  work,  confiders  feveral 
a<ffs  of  providence,  and  wife  combination,  that  are  fhewn  by 

*■»  e # , 

f See  Dr.  Halis’s  Vegetable  Statics,  vol.  i.  chap.  5.  . Z' 

Plants  do  not  contain  the  dephjiogvfticated  air  in  their  ovm  fubftance;  for 
being  fqueezed  under  water,  they  either  yield  no  air  at  all,  or  they  give  fome  air, 
at  nioll,  as  good  as  common  air  ; but  it  may  be  faid,  that  in  the  aft  of  fqueezing, 
the  dephlogillicated  air  is  phlog’iftKratcd  as  ibon'as  produced.  > 
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his'  above-mentioned  obfervations  on  plants,  and  which  open 
the  field  of  admiration,  and  enlarge  the  view  of  a con- 
templative philofophical  mind. 

By  the  plants  counterading  the  effed-s  of  animal  refpiration, 
combuftion,  putrefadion,  &c.  the  atmofpherical  fluid  is 
conftantly  kept  in  a proper  balanced  ftate  of  purity.  In  the 
winter,  the  fame  cold,  which,  by  hindering  the  vegetation  of 
plants,  puts  a?  flop  to . the  purification  of  the  air,  by  that 
very  means  does,  at  the’  fame  time,  hinder,  in  great  meafure, 
the  corruption  of  fundry..rn^tter.s,  and  confequently  the  con- 
tamination of  the  atmofphere.  Thofe  plants  grow  in  marfhy 
ground,  which  have  the  power  'of  purifying  the  • air  in  a 
greater  degree.-  The! weights,  therafelves,  of  dephlogifticated 
and  phlogifticated  i air,  are  calculated  by  nature  for  our 
benefit ; for  the  formd  being  fpecifically  heavier  than  the 
latter,  as  foon  as  it -ds  yielded  'by  the  ilea  ves  of  plants,  tends 
downwards,  'wherdas^the  phlogifticated -air,  by  being  fpe- 
cifically lighter,  tends  diredly  upwards,'  and  confequently  is. 
continually  receding  from  us  ; , 

Confidering  the  above-mentioned  obfervations  on  plants,, 
and  all  the  circumftanees  of  their  natural  exiftence,  it  appears, 
that  the  innumerable  leaves  of  plants  that  are  putrified  about 
them,  muft  contaminate  the  air  to  a very  great  degree.. 
Computing,  alfo,  the  number  of  cloudy  days  through  the 
year,  and  the  vaft  number  of  plants  that  are  commonly  fliaded 
from  the  fun;  it  will  appear  that  the ‘good  office  of  plants 
upon  the  atmofphere  cannot,  be  fo  v^ry  cohfiderable.  Yet 

it 
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it  miifl;  beconfeffed,  that  Dr.  Ingenhousz,  purfuing  the  dif- 
coveries  of  Dr.  Priestley,  has  clearly  fhewn  that  the  vegeta- 
tion of  plants  is  one  of  the  great  means  employed  by  nature  to, 
purify  the  atmofphere,  fo  as  to  counterad,  in  great  meafure, 
the  damage  done  by  animal  refpiration,  by  combuftion,  See. 
It  may  only  be  faid,  that  vegetation  does  not  appear  to  be 
fufficient  to  remedy  intirely  that  damage ; and  that  probably 
nature  employs  other  means,  hitherto  undifeovered  by  human 
induftry,  which,  together  with  vegetation,  and  agitation  of 
air  in  water,  do  all  contribute  to  that  great  end.. 

I fliallonly  obferve,  in  regard  to  Dr.  Ingenhousz’s  experi- 
ments and  obfervations  on  plants,  that  fome  perfons  who 
have  made  feveral  like  experiments  have  not  met,  in  general, 
with  the  fame  fuccefs  I have  myfelf  failed  in  fome  exr- 
periments  of  that  fort;  but  as  mine  are  moflly  fingle  experi- 
ments, I lhall  defer  publifhing  an  account  of  the  fame  tO’ 
another  opportunity,  and  after  they  fhall  have  been  repeated 
with  proper  attention. 

Thus  we  have  examined  two  methods  of  purifying  or  of 
meliorating  common  air,  befides  which  we  are  not  at  prefent 
acquainted  with  any  other,  though  it  is  probable  that  nature 
may  admit  of  many  others,  which  may  be  difeovered  hereafter. 

* Mr.  ScHEELE,  in  his- work  on  air  and  fire,  thus  exprefles  himfelf : — “ I have 
“ kept  vegetables  in  a matrafs  filled  with  foul  air,  and  fhut  it  well  (where  the  well- 
“ (hutting  up  muft  be  weirobferved)  both  in  the  dark  and  likewife  expoiecl  to 
“ the  light  of  the  fun-,  I tried,  fome  fmall  part  of.  this  air  every  two  days,  and 
always  found  it  foul.”  p.  163.  . 
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The  difcovery  of  a method  of  purifying  common  air,  by 
letting  it  pafs  through  a certain  fubftance,  and  by  this  means 
to  fupply  rooms,  hofpitals,  &c.  with  a conftant  current  of 
pure  air,  has  been  lately  pretended,'  but  to  my  knowledge 
the  certainty  of  the  fad  could  never  be  proved  ; fo  that  the 
reader  may  be  affured,  that  the  only  method  to  purify,  or 
rather  to  remove,  the  tainted  air  of  hofpitals,  fhips,  &c. 
that  is  known  at  prefent,  is’ ventilation  ; which,  as  we  faid 
above,  is  either  effeded  by  a proper  conftrudion  of  the 
building 

It  has  been  already  obferved,  that  air  attrads  water  and  other 
liq  uors;  for  which  reafon  it  happens,  that  a quantity  of  water, 
or  of  feveral  other  liquors,  being  expofed  to  the  open  air,  gra- 
dually lefTens,  till  it  is  quite  abforbed  by  the  air.  This  is  called 
evaporation. — In  common  diftillation,  with  a retort  and  a 
receiver  annexed  to  it,  the  evaporation  of  fluids  into  the 
retort  is  effeded  much  more  eaiily,  by  the  application  of  heat; 
for  heat  not  only  increafes  the  repulhon,  or  rather  leflens  the 
attradion  between  the  particles  of  fluids,  but  alfo  renders 
the  air  capable  of  abforbing  more  vapour ; for  when  the  air 
is 'hotter,  a greater  quantity  of  watery  vapour  can  be  kept 
diflblved  therein,  and  vice  verfa.  The  vapours,  then,  with 
the  hot  air,  pafling  from  the  retort  into  the  receiver,  which 
is  colder,  are  condenfed,  and  being  formed  into  drops,  fall  to 
the  bottom  of  the  receiver.  The  mechanifm  of  this  procefs 
feems  very  plain  and  natural ; but  there  are  feveral  phenomena 
which  render  the  explanation  of  it,  and  indeed  of  evaporation 
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in  general,  exceedingly  doubtful.  That  fometimes  the  difi 
dilation  of  fluids  with  a common  retort  could  not  be 
effected,  had  been  obferved  by  feveral  chymifts;  but  none 
took  the  trouble  to  inveftigate  the  right  caufe  of»  this  acci- 
dental failure,  and  the  laws  to  which  it  was  fubjed:,  before 
Mr.  Fontana  undertook  to  perform  a feries  of  accurate  ex- 
periments relating  to  this  important  fubjed  He  difcovcred 
that  the  evaporation  of  certain  fluids  could  not  take  place  in 
veflels  hermetically  clofed,  viz.  out  of  which  the  communi- 
cation of  the  external  air  was  intirely  excluded.  His  me- 
thod, in  Ihort,  was  to  take  two  glafs  veflTels,  or  matrafles= 
until  long  necks,  like  G,  fig.  9,  plate  II.  into  which  he  put 
the  required  fubftances,  and  then,  by  means  of  a lamp  and 
blow-pipe,  he  joined  their  necks,  and  bent  them  in  the  form 
of  a retort  when  the  receiver  is  annexed  to  it,  or  in  the  form 
of  a double  barometer.  Mr.  Fontana  having  introduced 
fome  vitriolic  ether  into  one  of  thefe  matrafles,  to  the  neck 
of  which  another  matrafs  was  immediately  joined,  and  having 
applied  a fand-heat  to  the  matrafs  containing  the  ether, 
obferved  that,  notwithftanding  the  extreme  volatility  of  that 
fluid,  none  of  it  would  pafs  into  the  other  matrafs. 

He  tried,  alfo,  this  experiment  with  water  inftead  of  ether, 
with  oil  of  vitriol  and  diflilled  water,  and  with  fixed  alkali 
and  diflilled  water,  viz.  by  putting  the  oil  of  vitriol  in  one 
and  the  water  in  the  other  matrafs ; and  in  another  flmilar 
experiment,  by  putting  the  fixed  alkali  in  one  and  the  water 
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in  Vhe  oppofite  matrafs ; he  put  the  rhatrafs  which  contained 
the  more  eVaporable  fluid  upon  the  fire,  and  kept  the  other 
cold ; fometimes  one  of  the  matrafles  was  put  in  a great 
degree  of  heat,  as  about  that  of  bailing  water,  and  the  oppo- 
fite one  was  put  into  fnow,  which  was  changed  as  often  as  re- 
quired, and  in  this  fituation  the  apparatus  was  kept  for  feveral 
days,  and  even  weeks ; it  was  alfo  often  agitated ; but 
the  evaporation  never  took  place.  The  oil  of  vitriol,  as 
well  as  the  fixed  alkali,  notwithftanding  their  great  attradioii 
to  water,  and  their  imbibing  a vaft  deal  of  it  when  expofed 
to  the  atmofphere  for  a fliort  time,  did  never  acquire  the  leaft 
moifture  ih  thofe  experiments ; and  when,  after  the  operation 
was  (difeontinued,  the  veflels  were  broke  open,  the  oil  of 
vitriol,  as  well  as  the  very  dry  fixed  alkali,  were  found  to  be 
exadly  of. the  fame  weight  they  had  before ; fo  that  not  the 
leaft  perceivable  quantity  of  water  had  pafled  through  the  air 
contained  in  the  two  matrafles,  from  the  veflel  in  which  it 
was  put,  into  the  oppofite  one,  although  the  difference  of 
heat  between  thofe  two  veflTels  was  exceedingly  great.  Mr. 
Fontana  obferves,  that  after  a long  time,  and  when  the  fire 
was  much  increafed,  a little  moifture  could  be  perceived  in 
the*  neck'  of  the  veflei  containing  the  water,  but  this  moifture 
did  reach  a very  fliort  way  above  the  furface  of  the  water ; 
and  alfo,  that  if  in  the  courfe  of  the  operation  the  veflTels 
were  fo  far  inclined  as  that  the  water  in  the  neck  of  one  veffel 
came  within  a fliort  diftance,  as  about  an  inch,  of  the  alkali, 
then  the  alkali  foon  abforbed  part  of  it. 
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From  thofe  experiments  it  appears,  that  ether  and  water, 
which  evaporate  very  eahly  in  the  open  air,  do  not  evaporate 
at  all  when  confined  in  veflels  which  contain  a confiderable 
quantity  of  air,  but  out  of  which  the  communication  of  the 
external  air  is  intirely  excluded.  Mr.  Fontana,  befides 
feveral  other  perfons,  is  inclined  to  think,  that  the  evaporation 
of  fluids  is,  cceteris  paribus^  fo  much  the  greater  as  the  air  is 
more  rc?re,  and  that  it  is  performed  with  the  greatefl:  facility 
in  vacuo  ; hence  it  appears,  that  the  air  in  itfelf,  rather  than 
accelerating  evaporation,  oppofes  it  with  great  force,  except 
when  it  communicates  with  the  common  flock ; but  query y 
How  is  it  that  in  thofe  circumflances  it  aflifls  the  evapo- 
ration of  fluids,  and  not  when  confined  in  a clofe  vefTel — 
The  prefent  knowledge  of  philofophy,  I think,  does  not 
afford  a fatisfadory  anfwer  to  this  queflion 

Mr.  Fontana  farther  afcertained,  that  the  above-mentioned 
law,  viz.  of  the  evaporation  of  fluids  not  taking  place  in  air 
not  changed,  or  in  confined  air,  was  not  extended  to  all 

* Various  hypothefes  have  been  conceived  relating  to  the  evaporation  of  fluids 
in  general,  and  efpecially  of  water  in  the  open  air;  but  none  quite  fatisfadtory,  or 
capable  to  account  for  all  the  phenomena.  Some  have  had  recourfe  to  capillary 
attradlion,  confidering  the  atmofphere  as  an  aggregate  of  fmall  interftices,  or  of 
capillary  tubes.  Others  confider  evaporation  to  be  Amply  a mechanical  opera- 
tion, imagining  that  heat  forms  the  particles  of  water  into  fmall  veficles,  which 
afcend  in  coniequence  of  their  being  fpeciflcally  lighter  than  the  air.  See 
Dr.  Derham’s  Phyfico-l'heology,  Book  I.  Chap.  3,  and  Book  II.  Chap.  5. 

, It  has  alfo  been  conAdered  as  a chymical  attradtion,  &c.  &:c.  See  Hamilton’s 
Evaporation  of  Fluids. 
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fluids ; but  he  does  not  pretend  to  determine  all  thofe  fluids 
that  are  not  fubjedt  to  that  law;  having  examined  only 
the  fluid  volatile  alkali  and  the  marine  acid.  His  experiment, 
in  fhort,  is  this : — In  an  open  fmall  phial,  or  in  a watch-glafs, 
was  put  a quantity  of  the  fluid  volatile  alkali,  and  into  a like 
glafs  was  put  a quantity  of  marine  acid.  Thefe  two  glafles 
were  then  carefully  put  at  the  bottom  of  a large  glafs  bottle, 
fo  as  to  be  a little  way  diftant  from  one  another,  and  the 
glafs  fbopple  was  put  upon  the  mouth  of  the  large  bottle,  the 
juncture  of  which,  for  greater  fecurity,  was  covered  with  foft 
wax.  > 

Immediately  on  cloflng  the  bottle,  a kind  of  white  cloud 
appeared  upon  the  marine  acid,  which  difappeared  a fliort 
time  after.  ‘ The  apparatus  being  kept  ftill,  in  a few  hours 
the  volatile  alkali  appeared  to  be  diminilhed,  and  on  the 
contrary  the  marine  acid  to  be  augmented  in  quantity. 
This  diminution  of  the  alkali’s  and  augmentation  of  the  acid’s 
quantity  became  continually  more  and  more  apparent,  fo 
that  in  about  one  day’s  time  almofl  the  whole  quantity  of 
alkali  was  palTed  into  the  acid  ; and  whenever  the  large 
bottle  was  opened,  and  the  veflels  containing  the  two  fluids 
were  taken  out  and  weighed,  it  was  conftantly  found  that 
the  acid  had  acquired  precifely  as  much  weight  as  the  alkali 
had  loft  ; which  clearly  ftiews  that  volatile  alkali  can  eva- 
porate in  confined  air,  but  the  marine  acid  cannot.  In  this 
experiment  the  outfide  of  the  fmall  vefiels  or  watch-glafies, 
and  alfo  the  infide  of  the  large  bottle,  were  perfedly  dry  ; and 
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it  is  very  remarkable,  that  the  vapour  of  the  volatile  alkali 
fliould  be  firfl:  difperfed  through  the  air  of  the  bottle,  and 
from  thence  fhould  be  again  feparated,  and  attradled  by  the 
acid.  • - . 

After  all,  the  reader  may  eahly  perceive,  that  this  fubjedt  of 
evaporation  is  fliil  unexplained,  and  that  a vafl  number  of 
experiments  is  ftill  requifite,  in  order  not  only  to  difcover  its 
real  caufe,  but  alfo  to  afcertain  its  laws ; it  is,  therefore,  a 
field  wherein  an  experimental  philofopher  may  exercife  his 
fkill  with  good  hopes  of  fuccefs. 

In  this  chapter  we  have  examined  the  various  properties  of 
the  atmofpherical  air,  but  no  notice  has  been  taken  of  the 
method  of  producing  it^  artificially.  Indeed  there  is  no  pro- 
cefs  known  by  which  an  elafiic  fluid  may  be  obtained  intirely 
like  common  air,  and  by  itfelf.  Refpirable  air  may  be  ob- 
tained artificially,  but  in  a ftate  much  purer  than  that  com- 
mon air  is  generally  in  ; and  this  we  fhall  confider  under  the 
title  of  dephlogiflicated  air ; as  for  air  fimilar  to  the  common 
atmofpheric  air,  it  is  obtained  in  fmall  quantity,  and  always 
together  with  other  elaftic  fluids ; thus  in  fixed  air  there  is  al- 
ways a fmall  quantity  of  common  air,  which  may  be  feparated 
from  it  by  agitating  the  fixed  air  in  water,  till  all  that  which 
is  properly  fixed  air  being  abforbed,  the  common  air  is  left 
by  itfelf  in  the  receiver.  A fmall  quantity  of  common  air 
is  alfo  in  inflammable  air,  and,  in  fhort,  in  various  other 
permanently  elaftic  fluids  5 but  we  fiball  take  notice  of  it  in  the 
chapters  which  treat  of  thofe  particular  elaftic  fluids. 
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CHAP.  II. 

Of  dephlogijlkated  air, 

TH  E difcovery  of  a permanently  elaftic  fluid,  which  is 
vaftly  fuperior  to  common  air  in  refpedl  to  thofe 
properties  of  the  atmofpherical  fluid,  which  render  it  abfo- 
lutely  necefiary  for  the  greateft  natural  procefies,  as  animal 
life  and  combuftion,  reflects  great  honour  upon  the  prefent 
age,  and  opens  a vafl:  and  luxuriant  field  of  contemplation  and 
experimental  inquiry  to  the  view  of  philofophical  minds. 

In  the  works  of  fome  ancient  authors,  we  find  fome  faint 
ideas  of  an  elaftic  fluid  purer  than  common  air,  efpecially  in 
fome  trails  of  Dr.  J.  Mayow,  which  were  publifhed  at 
Oxford  in  the  year  1674  ; but  their  notions  were  not  only 
unwarranted  by  decifive  experiments,  but  were  exceedingly 
confufed,  and  involved  in  fo  many  uncertainties  and  hypothe- 
tical fuppofitions,  that  it  can  hardly  be  fuppofed  to  have 
afforded  any  light  to  the  modern  philofophers,  who  have  dif- 
covered  that  admirable  elaftic  fluid,  and  have  afcertained 
many  of  its  interefting  properties. 

Dr.  Priestley,  even  in  his  firft  volume  of  Experiments 
and  Obfervations  on  Air,  publifhed  in  1774,  feems  to  have 
difcovered  a permanently  elaftic  fluid  purer  than  common  air; 
but  amongft  the  variety  of  objeds  in  the  purfuit  of  his  experi- 
mental enquiry,  he  then  overlooked,  or  rather  negleded  to 
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confider  the  phenomena  of  that  fluid,  which  by  chance  were 
firfl:  prefented  to  his  view  But  in  his  fecond  volume, 
publifhed  in  1776,  he  relates  many  experiments,  by  which  the 
exiftence,  the  method  of  obtaining,  and  feveral  properties  of 
an  elaftic  fluid  much  purer  than  common  air,  were  difcovered. 
The  firfl;  time  that  the  Dodor  obtained  this  elaftic  fluid,  and 
obferved  its  remarkable  property  of  aflifting  combuftion 
much  better  than  common  air,  was  the  ift  of  Auguft, 
1774. — Common  air  having  been  proved  to  abforb  phlo- 
gifton,  and  to  become  more  or  lefs  fit  to  aflift  combuftion, 
refpiration,  &c.  according  as  it  was  more  or  lefs  free  from 
phlpgifton ; it  naturally  followed,  that  the  air  which  afTifted 
combuftion,  refpiration,  &c.  better  than  another  fpecies  of 
permanently  elaftic  fluid,  was  confldered  as  containing  a lefs 
quantity  of  phlogifton  : hence  Dr.  Priestley,  obferving  that 
his  newly- difcovered  elaftic  fluid  aflifted  combuftion  much 
better  than  common  atmofpheric  air,  juftly  confldered  it  as 
containing  a very  fmall  fhare  of  phlogifton,  and  gave  it  the 
name  of  dephlogijlicated  air^  in  diftindlion  from  common  air; 
which  may  be  confldered  to  have  been  originally  of  the  fame 
nature  as  dephlogifticated  air,  and  to  have  been  afterwards 
brought  down  to  the  ftate  it  is  at  prefent  by  the  acceflion  of 
phlogifton;  though,  as  we  have  already  hinted,  it  is  very 
uncertain  whether  the  atmofpheric  air  was  a<ftually  much 
purer  in  former  times  than  it  is  at  prefent. 
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About  the  hime  time  that  Dr.  Priestley  difcovercd  the 
dephlogifticated  air  in  England,  Mr^  Scheele,  of  Sweden, 
was  engaged  in  making  experiments  on  air  and  fire,  which 
were  foon  after  publifhed  in  German  ; and  in  the  account  of 
thofe  experiments  there  is  alfo  the  difcovery  of  dephlogifti- 
cated  air,  called  by  Mr.  Scheele  empyreal  air\  but,  con- 
fidering  the  views,  and -the  courfe  of  experiments,  both  of 
Dr.  Priestley  and  of  Mr.  Scheele,  it  appears  that  they 
were  ignorant  of  each  other’s  difcoveries ; whch  is  rather 
confirmed,  by  neither  of  them,  or  of  other  people  acquainted 
with  them,  exprefling  any  doubt  about  it.  Upon  the  whole, 
it  feems  that  Mr.  Scheele,  as  well  as  Dr.  Priestley,  is,  en- 
titled to  the  honour  of  the  difcovery;  though  Dr.  Priestley 
appears  to  have  been  rather  prior  to  Mr.  Scheele. 

.Dephlogifticated  air  is  a permanently  elaftic  fluids  tranf- 
parent  and  invifible,  like  common  air,  but  much  fuperior  to 
it  in  refpecS:  to  its  alTifting  all  the  known  phlogiftic  procefTes ; 
lince  the  dephlogifticated  air  can  be  obtained  of  fuch  degree 
of  purity  as  to  be  ufeful  for  the  refpiration  of  animals,  or  for 
the  combuftion  of  a candle,  five,  fix,  and  even  more  times 
than  the  beft  common  air  we  can  get. 

There  is  no  place  yet  difcovered,  upon  the  furface  of  the 
earth,  where  dephlogifticated  air  is  found  naturally  like  fixed 
or  inflammable  air,  but  it  may  be  obtained  from  feveral  fub- 
ftances,  and  by  various  procefTes ; though  it  is  generally 
yielded  in  conjundtion  with  other  elaftic  fluids,  which  how- 
ever may  be  afterwards  feparated  from  it.  This  pure  ref- 
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pirable  elaflic  fluid  may  be  principally  obtained  by  the 
following  general  means  ; viz.  by  expoflng  nitre  to  a great 
degree  of  heat  ; by  moiftening  with  nitrous  acid  almofl:  all 
the  metallic  and  other  earths,  which  contain  the  lead  poflible 
quantity  of  phlogifton,  and  then  heating  them  in  proper 
vefTels  ; by  only  heating  feveral  fubftances,  efpecially  metallic 
earths,  without  being  previoufly  moiftened  with  nitrous  acid; 
by  mixing  feveral  of  the  above-mentioned  fubftances  with 
vitriolic  acid,  and  heating  them  ; by  expoflng  pump-water  to 
the  rays  of  the  fun;  by  boiling  fome  kinds  ol  water  ; and  by 
expoflng  the  frefli  leaves  of  plants  to  the  rays  of  the  fun. 

The  prefent  ftate  of  our  knowledge  refpeding  elaftic  fluids 
in  general,  docs  not  permit  us  to  reduce  the  various  par- 
ticulars, relating  to  the  production  of  dephlogifticated  air, 
into  one  or  a few  comprehenflve  and  general  laws ; it  is 
therefore  neceflary  to  treat  of  each  procefs  apart,  and  to  take 
notice  of  all  the  remarkable  phenomena  attending  it,  and 
juft  mention  fome  general  law  which  they  fecm  to  follow. 
Perhaps  in  a few  years  time  the  happy  period  will  arrive,  in 
which,  the  natural  laws  refpecting  the  production  of  dephlo- 
gifticated air  being  ultimately  inveftigated,  the  numerous 
particulars  at  prefent  noticed  v/ill  be  reconciled  ‘ to  it,  and 
the  whole  will  be  comprehended  under  a few  points;  the 
fundamental  laws  of  nature,  refpecting  every  fiibject,  being 
always  few  and  Ample. — As  nitre  is  the  fubftance  which 
yields  the  greateft  quantity  of  dephlogifticated  air,  and  the 
nature  of  which  throws  great  light  upon  the  production  of 
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dephlogifticated  air  in  general,  we  fhall  begin  with  the  ex- 
amination of  this  lingular  fait. 

The  reader  may  recolIe(fl  to  have  been  mentioned,  in  our 
Introduction  to  Chymiftry,  that  common  nitre  is  a neutral 
fait,  containing  an  acid  called  nitrous  acid,  and  fixed  vege- 
table alkali. 

Thefe  principles  have  been  commonly  extracted  by  chymifts 
from  common  nitre  or  falt-petre,  and  by  the  mixture  of 
which  artificial  nitre  has  been  formed. 

By  expofing  nitre  in  an  open  earthen  veffel  to  a ftrong 
fire,  its  acid  efcapes,  and  an  alkaline  earth  only  remains. 
This  faCt  has  been  long  known  to  philofophical  people;  but 
Dr.  Hales  feems  to  have  been  the  firft  who,  collecting  the 
fluid  which  was  yielded  by  nitre,  found  it  to  be  permanently 
elaftic,  and  tranfparent  like  air ; but  he  negleCted  to  examine 
it  farther.  Half  a cubic  inch  of  nitre,  the  weight  of  which 
was  21 1 grains,  he  found  yielded  90  cubic  inches  of 
permanently  elaftic  fluid  *. 

The  beft  analyfis  of  nitre  hitherto  publiftied  is  that  made 
by  Mr.  Fontana;  which  eftablifties  the  following  par- 
ticulars : — If  an  ounce  of  very  pure  nitre  is  put  into  an 
earthen  retort,  the  neck  of  which  communicates  with  a large 
glafs  receiver,  and  this  receiver,  by  means  of  a bent  glafs 
tube,  that,  pafling  through  the  water  of  a tub,  communicates 
with  a receiver  filled  with  and  inverted  in  water,  in  order  to 


* Statical  Eflays,  vol.  Exp.  Ixxii. 
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colled  the  elaftic  fluid  that  comes  out ; and  if  the  retort  is 
put  into  a ftrong  fire,  fo  as  to  be  kept  quite  in  a red,  or 
rather  white  heat,  the  ounce  of  nitre  will  yield  between  feven 
and  eight  hundred  cubic  inches  of  dephlogifticated  air,  the 
greatefhquantity  of  which  is  within  the  firfl  three  or  four  hours, 
and  in  about  five  hours  time  the  whole  quantity  of  air  is 
produced ; after  which,  the  longer  continuance  of  the  fire 
cannot  expel  any  more  air  from  it.  The  dephlogifticated  air 
thus  produced  is  not  of  the  fame  degree  of  purity  through- 
out the  whole  procefs,  but  varies  with  a kind  of  inconftancy ; 
though  the  firft  is  generally  better  than  the  laft.  Taking  it 
at  a mean,  it  is  fuch  as  that,  when  mixed  with  nitrous  air,  it 
generally  gives  II,  I,  i,  90.  II,  II,  2.  II,  III,  2.  II,  IV,  3, 
viz.  by  adding  fuccelTive  meafures  of  nitrous  air  to  two  mea- 
fures  of  the  dephlogifticated  air,  after  the  manner  fliewn  in  the 
Vlth  Chapter  of  the  preceding  Part,  the  fpaces  occupied  by  the 
mixture  are,  firft  one  meafure,  more  7^  of  a meafure  ; then 
two  meafures ; next  two  meafures  alfo ; and  laftly  three 
meafures ; after  which,  if  more  nitrous  air  be  added,  no 
farther  diminution  will  enfue. — Thefe  phenomena,  viz.  of 
the  quantity  and  purity  of  the  air  produced,  of  the  length  of 
time  in  which  it  is  yielded.  See,  are  fubjed:  to  fome  variations, 
principally  depending  upon  the  intenfity  of  the  heat  applied, 
and  upon  the  purity  of  the  nitre,  the  pureft  yielding  the 
moft  air. 

In  the  glafs  receiver  annexed  to  the  retort,  a red  vapour 
appears  during  the  firft  four  or  five  hours  of  the  operation, 
and  a few  grains  of  weak  nitrous  acid  are  collected  at  the 
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bottom  of  it.  The  quantity  of  this  acid  is  different,  ac- 
cording to  the  different  ftrength  of  the  heat  applied;  being 
greater  when  the  fire  is  not  very  violent,  and  contrarywife. 
But  the  quantity  of  air  produced  follows  juft  the  contrary 
law ; for  when  the  fire  is  applied  fuddenly,  and  is  very 
violent,  a greater  quantity  of  air,  and  in  a fhorter  time,  is 
obtained,  tham  when  the  heat  is  more  moderate. 

The  matter  which  remains  afterwards  in  the  retort  is 
exceedingly  fingular  for  its  properties,  fince  it  has  not  only 
loft  the  properties  of  nitre,  but  feems  to  be  different  even 
from  any  of  its  known  component  parts.  If  the  fire  has 
been  continued  only  till  the  whole  quantity  of  air  has  been 
produced,  the  refiduum  that  is  found  in  the  retort  is  of  a 
greenifh  colour  ; but  when  the  fire  has  been  continued  for 
about  twenty  hours,  then  the  refiduum  is  more  white,  and 
has  a cauftic  alkaline  tafte,  and  renders  the  tindlure  of  violets 
green.  It  is  partly  foluble  in  water.  By  being  repeatedly 
wafhed  in  v/ater,  it  is  rendered  ftill  more  white,  and  becomes 
quite  infipid.  In  this  ftate  it  eft'ervefces  with,  and  is  partly 
diftblved  in  vitriolic  acid.  If  the  vitriolic  acid  is  made  to 
diffolve  as  much  of  this  earthy  refiduum  as  it  can,  and  after- 
wards, being  diluted  with  a great  quantity  of  water,  is  eva- 
porated, a fait  will  be  formed  which  has  a very  peculiar  tafte. 
If  this  infipid  refiduum  of  nitre  is  mixed  with  nitrous  or 
marine  acid,  it  occafions  a fenfible  effervefcence,  and  in  a few 
minutes  coagulates  it  like  a jelly ; which  jelly,  being  dried, 
forms  a fait,  or  rather  a tranfparent  fubftance  of  the  con- 
fiftence  of  gum,  and  of  the  colour  of  amber. 
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The  above-mentioned  obfervations  on  nitre  are  applicable 
to  the  cubic  nitre,  the  bails  of  which  is  a mineral  alkali,  as 
well  as  to  the  common  nitre,  which  has  a vegetable  alkali  for 
its  bails 

The  moil  ftriking  phenomenon  which  happens  in  the  above- 
mentioned  decompoiltion  of  nitre,  is  the  converflon  of  its 
acid  into  dephlogifticated  air;  (Ince  the  nitre,  which  contains 
a conhderable  quantity  of  acid,  after  being  aded  upon  by  a 
ftrong  fire,  is  found  deprived  of  all  its  acid  part,  and  the 
fubftance  produced  from  it  is  dephlogifticated  air,  which  has 
not  the  leaft  viflble  mark  of  acidity  in  its  nature.  As  for  the 
few  grains  of  weak  acid  liquor,  that  are  found  in  the  receiver, 
they  are  far  from  accounting  for  the  phenomenon,  flnce  they 
don’t  amount  to  the  hundredth  part  of  the  acid,  which,  by 
the  common  procefles,  can  be  extra<fted  from  nitre.  Though 
we  are  ignorant  of  the  mode,  we  muft  confefs  that  in  this 
experiment  the  acid  of  nitre  is  changed  into  a permanently 
elaftic  fluid,  which  is  not  only  devoid  of  the  noxious  quality 
of  that  acid,  but  is  fo  far  refpirable  and  pure,  that  it  may  be 
reckoned  to  be  about  fix  or  feven  times  better  than  common 
air  f,  u 

* Journal  de  Phyfique,  1778. 

t In  the  common  procefs  of  making  nitrous  acid,  which  is  by  diftiiling  nitre 
with  vitriolic  acid,  or  with  calcined  martial  vitriol,  a quantity  of  dephlogifticated 
air  is  produced;  which  may  be  obferved  by  removing  the  receiver  and  applying 
a lighted  candle  into  the  neck  of  the  retort.  The  candle  will  burn  more  bright 
tow'ards  the  end  of  the  operation  than  on  the  beginning.  From  an  ounce  of 
nitre  and  half  an  ounce  of  vitriolic  acid,  diftilled  together,  thirty  ounce  meafures  of 
dephlogifticated  air  have  been  obtained,  befides  the  nitrous  acid. 
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My  reader  in  this  place  may  naturally  afk,  whether  any 
method  has  been  difcovered  of  obtaining  dephlogifticated  air 
from  the  nitrous  acid  itfelf? — This  has  been  done  by 
Mr.  ScHEELE,  who,  by  difiilling  the  fuming  nitrous  acid  by 
itfelf,  obtained  a quantity  of  dephlogifticated  air;  but  as  the 
fame  experiment,  being  repeated  by  feveral  philofophical 
perfons,  has  not  been  attended  with  the  fame  refults  as  are 
mentioned  by  the  author  of  it,  I fhall  here  relate  it  in  Mr. 
Scheele’s  own  words,  for  the  fake  of  thofe  who  are  willing 
to  inveftigate  the  caufe  for  which  it  has  not  fucceeded  with 
feveral  perfons. 

‘‘  I took  a glafs  retort,  capable  of  containing  eight  ounces 

of  water,  and  diftilled  fuming  fpirit  of  nitre,  according  to 
“ the  ufual  methods. 

‘‘  In  the  beginning  the  acid  pafled  over  red,  then  it  became 
“ colourlefs,  and  laftly  again  all  red : no  fooner  did  this 
‘‘  happen,  than  I took  away  the  receiver ; and  tied  to  the 
“ mouth  of  the  retort  a bladder  emptied  of  air,  which  I had 
‘‘  moiftened  in  its  inftde  with  milk  of  lime,^  lac  calcis, 
‘‘  (i,  e.  lime-water,  containing  more ‘quick-lime  than  water 
“ can  diftblve)  to  prevent  its  being  corroded  by  the  acid. 
“ Then  I continued  the  diftillation,  and  the  bladder  gra- 
“ dually  expanded.  Hereupon  I left  every  thing  to  cool, 
“ tied  up  the  bladder,  and  took  it  oft'  from  the  mouth  of  the 
“ retort. — I filled  a ten-ounce  glafs  with  this  air,  and  put  a 
“ fmall  burning  candle  into-  itj  when  immediately  the 
“ candle  burned  with  a large  flame,  of  fo  vivid  a light  that 
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“ it  dazzled  the  eyes.  I mixed  one  part  of  this  air  with 
“ three  parts  of  air  wherein  fire  would  not  burn  ; and  this 
“ mixture  afforded  air  in  every  refped:  fimilar  to  the  com- 
“ mon  fort 

The  obfervations  hitherto  made,  relative  to  the  natural 
produdlion  of  nitre,  are,  that  this  fait  owes  its  origin  partly  to 
vegetable  and  animal  fubftances,  and  partly  to  air  ; fince  it  is 
never  found,  except  in  places  in  which  animal  matters  have 
ftood,  or  fometimes  v/here  vegetable  fubftances  are  left  to 
putrefy,  and  generally  upon  the  furface  of  the  earth,  or  very 
near  it ; viz.  where  the  air  had  accefs»  The  few  inftances  of 
pieces  of  falt-pctre  ready  formed  being  found  under  ground, 
and  the  fmall  quantity  of  nitre  which  may  be  extraded  from 
a few  plants,  are  frivolous  objedions  againft  the  general  ob- 
fervations ; fince  it  may  be  eafily  conceived,  that  the  nitre 
previoufty  formed  may,  by  fome  unufual  accident,  have  beeii 
buried  deep  under  ground,  in  particular  and  very  rare  in- 
ftances, 8cc.  It  feems,  therefore,  very  likely  that  the 
alkaline  or  earthy  bafis  of  nitre  acquires  its  acid,  by  which 
it  is  neutralized,  from  the  atmofphere,  or  rather  by  convert- 
ing the  pureft  part  of  atmofpheric  air  into  nitrous  acid  ; from 
which  it  follows,  that  the  pureft  part  of  common  air,  or  that 
dephlogifticated  air,  is  eflentially  the  acid  of  nitre,  though 
divefted  of  all  the  properties  which  charaderize  that  acid.' — 
This  is  an  interefting  inveftigation,  but  we  fhall  defer  ^to 
treat  more  fully  of  it  to  another  Part  of  this  work..  It  is  only 

f Scheele’s  Expcr.  on  Air  and  Fire,  p.  34. 
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necefiary  to  mention  here  fome  obfervations  relating  to  the 
cffedts  of  nitre  on  common  air,  which  throw  fome  light  upon 
this  fubjedt.  Dr.  Priestley  diffolved  as  much  nitre  in  a 
quantity  of  water  as  it  poflibly  could  when  hot,  and  then  left 
it  to  cool  under  a receiver  ftanding  in  water ; but  he  found 
that  the  air  of  the  receiver  was  not  fenfibly  altered  by  the 
cryftallization  of  the  nitre 

The  fame  philofopher  kept  nitre  in  a crucible  over  the  fire 
“ v\\f  fays  he,  “ all  the  air  feemed  to  be  expelled  from  it,'’ 
then,  introducing  it  under  a receiver  inverted  in  water,  left  it 
to  cool,  and  the  day  after  examining  the  air  of  the  receiver, 
found  it  to  be  not  fo  good  as  common  air.  “ It  was  re- 
markable,”  “ however,  that  after  thefe  mixtures” 

(7neaning  of  common  with  nitrous  air,  and  of  the  air  of  the 
receiver  with  nitrous  air)  had  remained  a day  and  a night, 
‘‘  they  approached  nearer  to  an  equality.  This,  alfo,  I ob- 
“ ferved  more  than  once,  and  am  much  furprized  at  the  fa<51:. 
“ It  fhould  feem  that  the  air  to  which  this  nitre  had  been 
“ expofed,  was  not  abfolutely  fo  much  injured  as  the  firfi: 
“ mixture  of  nitrous  air  with  it  would  fhow  ; but  that  its 
“ conftitution  was  fo  much  altered,  that  it  required  more 
“ time  for  the  phlogifton  difeharged  from  the  nitrous  air  to 
“ ad  upon  it  f 

The  Dodor  alfo  melted  fome  falt-petre  in  a glafs  veflel, 
and  afterwards  expofed  it  to  a quantity  of  common  air,  and 

* Exper.  and  Obfer.  vol.  i.  p.  i6i. 
t Ibid.  vol.  ii.  p.  i66. 
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about  a week  after  found  that  that  air  had  been  injured 
confiderably 

Although  dephlogifticated  air  has  not  been  extracted  from 
nitrous  acid  alone,  by  any  other  perfon,  as  far  as  I am  in- 
formed, befides  Mr.  Scheele,  yet,  by  moiftening  federal 
fubftances  with  that  acid,  and  expofing  them  to  a fufficient 
degree  of  heat,  dephlogifticated  air  may  be  obtained,  though 
moftly  mixed  with  other  permanently  elaftic  fluids.  In  ge- 
neral, it  feems  that  dephlogifticated  air  may  be  obtained, 
more  or  lefs,  from  all  kinds  of  earth  mixed  with  nitrous  acid, 
and  that  the  metallic  and  calcareous  earths  feem  to  furnifli 
the  greateft  quantity  of  it. 

Dr.  Pri  ESTLEY  diflolved  fome  gold  in  common  aqua  regia^ 
which  is  made  wuth  one  part  of  marine  and  three  parts  of 
nitrous  acid  ; and  afterwards  diftilling  this  folution  to  dry- 
nefs,  obtained  about  half  an  ounce  meafure  of  air  -f , the 
half  of  which  quantity  was  pure  dephlogifticated  air,  and  the 
reft  feemed  to  be  an  acid  vapour,  that  was  abforbed  by  lime- 
water,  without  occafloning  any  precipitation  of  the  lime  in 
it  %. 

From  a folution  of  fliver  in  diluted  nitrous  acid.  Dr. 
Priestley  obtained  fome  nitrous  air,  and  afterwards,  by  the 
application  of  a fand-heat,  a fmail  quantity  of  very  pure  air 
was  produced  %, 

* Exper.  and  Obfer.  vol.  ii.  p.  i66. 

•j'  By  an  ounce  meafure  Dr.  Priestley  underftands  the  fpace  occupied 
an  ounce  meafure  of  water,  which  weighs  480  grains. 

X Priestley’s  Exper.  and  Obfer.  vol.  iii.  feft.  i. 
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Having  diffolved  as  much  quickhlver  in  nitrous  acid  as 
it  was  poflible  without  heat,  the  folution  feparated  from 
the  undiflblved  mercury  was  put  into  a veffel  in  a fand- 
heat, land  it^ yielded  firft  nitrous  and  then  about  an  equal 
quantity  of  dephlogifticated  air.  “ During  the  rapid  pro- 

duftion  of  this  air,  it  was  exceedingly  white,  and  the 
“ tube  through  which  it  was  conveyed  was  very  red  with  the 
“ redundant  nitrous  vapour.  Towards  the  end  of  the  procefs 
“ the  tube  was  tranfparent  and  colourlefs,  though  the  air 
“ burft  in  white  clouds  within  the  receiver 

A folution  of  mercury  in  vitriolic  acid,  being  mixed  with 
nitrous  acid,  effervefced  very  much,  generating  nitrous  air ; 
but  afterwards  the  veflel  that  contained  it  being  put  into  a 
fand-heat,  fome  elaftic  fluid  was  produced,  the  firft  of  which 
was  fixed  air,  which  was  followed  by  a large  portion 
of  nitrous,  after  which  fome  dephlogifticated  air  was  pro- 
duced 

From  the  calx  of  copper,  made  by  diflblving  it  in  vitriolic 
acid,  after  moiftening  it  with  nitrous  acid,  fome  fixed  air  was- 
firft  obtained,  then  fome  nitrous  air,  and  laftly  fome  dephlo- 
gifticated air  -f*. 

When  copper  is  diflblved  in  nitrous  acid,  the  produce  is 
nitrous  air ; but  if  the  folution  is  afterwards  diftilled  to  dry- 

* Priestley’s  Exper.  and  Obfer.  vol.  iii.  fed.  i. 

*}■  This  procefs  was  made  with  a gun-barrel,  into  which  the  calx  of  copper 
was  put,  and  to  whofe  muzzle  a bent  tube  was  cemented,  which  conveyed  the 
produced  elaftic  fluid  under  the  inverted  receiver. 
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nefs,  fome  dephlogifticated  air  will  be  produced,  though 
mixed  with  fixed  air 

From  fome  very  dephlogiflicated  calx  of  iron,  moiftened 
with  nitrous  acid,  Dr.  Priestley  alfo  obtained  fome  very  pure 
dephlogiflicated  air,  mixed  with  a very  fmall  portion  of  fixed 
air 

All  the  calxes  of  lead,  when  moiftened  with  nitrous  acidj 
and  by  the  application  of  heat,  yield  dephlogiflicated  air, 
though  always  mixed  with  more  or  lefs  fixed  air.  In  ge- 
neral, the  more  deprived  of  phlogiflon  is  the  calx,  the  lefs 
fixed  air  is  obtained  from  it. 

Before  I proceed  farther,  it  will  be  proper  to  remark,  that 
the  calxes  of  metallic  fubflances  in  general,  and  fome  of 
them  more  than  others,  efpecially  the  calx  of  iron,  are  very 
difficultly  deprived  of  phlogiflon,  at  leafl  of  that  quantity  of 
it  which  is  neceffary  to  render  them  fit  for  the  production  of 
dephlogiflicated  air.  Dr.  Priestley  has  a particular  me- 
thod, which  anfwers  exceedingly  well,  for  thedephlogiflicatioii 
of  the  metallic  calxes.  ‘‘  This,”  fays  he-y  is  effected  by 
“ diffolving  the  metals  completely,  and  diflilling  the  folution 
“ to  drynefs  in' a glafs  veffel,  employing  more  fpirit  of  nitre, 
“ till  as  much  as  I pleafe  of  it  be  converted  into  air.  If 

much  phlogiflon  do  not  adhere  to  the  calx  of  the  metal, 
‘‘  pure  air  will  be  produced  at  the  very  firfl  diflillation ; but 
“ if  the  air  be  very  impure,  by  containing  much  phlogiflon, 

* Priestley’s  Expcr.  and  Obfer.  vol.  iii.  fed.  i. 
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“ the  whole  of  the  firfl:  produce  will  be  nitrous  or  phlo- 
gifticated  air,  and  pure  air  may  not  be  procured  till  the 
“ fecohd  or  third  procefs  •f.” 

Dr.  PfiiESTLEY  put  five  penny-weights  fix  grains  of  tin 
into  fome  diluted  nitrous  acid,  which  was  diffolved  with  great 
violence,  and  generated  “ about  fifteen  ounce  meafures  of 
air,  about  one  fifth  of  which  was  abforbcd  by  w^ater,  being 
“ the  nitrous  vapour,  fo  often  mentioned  above,  diffufed 
“ through  the  air.  Before  this  part  was  wafhed  out,  a candle 
burned  in  the  air  naturally;  but  when  this  part  had  been 
“ abforbed  by  the  water,  a candle  went  out  in  it.  The 
former  part  of  the  produce,  which  was  ^ of  the  whole,  was 
“ but  flightly  nitrous  ; for  two  meafures  of  common  air  and 
one  of  this  occupied  the  fpace  of  2^  meafures;  and  the 
“ laft  part  was  proper  phlogifticated  air,  neither  affeding 
“ common  air,  nor  being  affeded  by  nitrous  air.  Had  I 
“ taken  the  produce  in  fmall  portions,  the  firfl:  produce 
“ would,  I doubt  not,  have'been  proper  nitrous  air,  as  I had 
firfl:  found.  I particularly  obferved,  tbatino:part  of  this  air, 
“ though  readily  abforbed  by  water,  made  lime-water  turbid, 
fo  that  it  contained  no  fixed  air. 

“ After  this,  diftilling  the  refiduum  to  drynefs  in  a glafs 
phial  with  a ground  ftopple,  I got  about  twelve  ounce 
“ meafures  of  air,  in  four  parts;  of  which  a portion  of 
each,  and  efpecially  at  the  firfl,  was  readily  abforbed  by 

‘t  Expcr.  and  Oferv.'vol.  iii.  >. 

y “ water, 


and  other  permanently  elajlk  Fluids,  . 523 

“ water,  but  without  making  lime-water  turbid.  Whea 
‘‘  this  ingredient  was  wafhed  out,  the  air  which  had  lodged 
“ within  the  phial  was  phlogifticated.  Then  the  firfl  portion 
“ of  the  proper  produce  of  the  materials  was  common  air, 
“ the  fecond  twice  as  good,  and  the  remaining  portions  were 
“ exceedingly  pure  f 

It  is  remarkable,  that  in  this  procefs  with  tin  no  fixed  air 
is  produced  ; but  adding  fome  more  fpirit  of  nitre  upon  the 
above-mentioned  refiduum,  the  Do(5lor  obtained  about  twice 
its  bulk  of  air,  part  of  which  was  fixed  air. 

This  procefs  with  tin  having  been  repeated  by  feveral 
perfons,  has  been  attended  with  various  refults,  though  upon- 
the  whole  they  are  principally  the  fame  thing. 

From  about  half  an  ounce  of  flowers  of  zinc^  moiftened 
with  fpirit  of  nitre,  and  put  into  a glafs  phial  with  ground' 
flopple  and  tube,  Dr.  Priestley  obtained  about  three  pints 
of  very  pure  dephlogifticated  air  In  this  procefs  the  de- 
phlogifticated  air  is  generally  very  turbid  when  firfl  produced, 
and  every  bubble  of  it  that  comes  through  the  water,  fbews 
the  appearance  of  a cloud,  as  it  were,  of  white  dufl,  within 
the  receiver.  Indeed  this  turbid  or  cloudy  appearance  is 
obfervable  alfo  in  fome  other  procefles  for  obtaining  dephlo- 
gifticated air,  efpecially  with  the  calx  of  lead,  though  not  fo 
much  as  with  the  flowers  of  zinc. 

Bifmutby  when  treated  with  fpirit  of  nitre  as  above-  . 

t Exper.  and  Obfer.  vol.  iii.  fefl.  i. 

J Ibid.  vol.  ii.  4. 
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mentioned,  at  laft  yields  a confiderable  quantity  of  pure  de- 
phlogifticated  air.  “ Putting,” Dr,  Priestley,  ‘‘  the 
fait  formed  by  the  fpirit  of  nitre,  and  bifmuth,  into  a 
“ glafs  veffel,  and  diftilling  it  to  drynefs,  with  a fand-heat,  I 
“ procured  from  it  about  twenty  times  its  bulk  of  air,  in  the 
“ firfl:  part  of  which  there  was  fome  fixed  air  ; but  all  the 
refiduum  was  pure  dephlogiflicated  air,  efpecially  at  the 

A mixture  of  antimony  with  flrong  nitrous  acid,  after  it 
had  flayed  till  it  became  a whitifh  fubflance,  (which  will  take 
place  after  fome  days,  and  during  which  time  it  gave  no 
^permanently  elaflic  fluid  of  any  fort)  being  put  into  a proper 
glafs  vefTel,  and  by  means  of  a flrong  fand-heat,  it  yielded 
about  ten  times  its  bulk  of  elaflic  fluid,  one  third  of  which 
was  fixed,  and  the  reft  was  dephlogiflicated  air 

In  thefe  procefles  it  is  generally  obfervable,  that  the  portion 
of  air  that  is  produced  towards  the  laft  is  more  pure  than 
that  which  is  produced  before ; a lefs  portion  of  fixed  air 
being  mixed  with  it. 

The  above-mentioned  particulars  relating  to  metallic 
fubftances  have  been  inferted,  not  only  for  the  Angular  phe- 
nomena which  they  exhibit,  but  alfo  to  give  a kind  of 
ilandard,  to  which  the  ingenious  reader  may  compare  his 
■experiments. 

JSlow  for  the  general  prcdu<ftion  of  dephlogiflicated  air. — 
? Exper.  and  Obfer,  vol.  iii.  feit.  2. 
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The  numerous  experiments  hitherto  made  feem  to  eflablifh 
that  dephlogifticated  air  may  be  obtained  from  all  forts  of 
fubdances,  whether  vegetable,  animal,  or  mineral,  when 
mixed  with  nitrous  acid,  and  expofed  to  a fufficient  degree 
of  heat ; provided  thofe  fubflances  be  firfl  deprived  of  phlo- 
gifton  f.  Thus  the  afhes  of  vegetables,  or  of  animal  matters, 
the  calxes  of  metals,  the  various  forts  of  earths,  efpecially  the 
calcareous,  powdered  flint,  and  even  powdered  glafs,  when 
mixed  with  nitrous  acid,  produce  dephlogifticated  air,  though 
generally  mixed  with  fixed  air.  In  fhort,  the  theory  of  the 
prodiiftion  of  the  permanently  elaflic  fluid  from  thofe 
fubflances  feems  to  be  as  follows: — Subflances  of  every  fort, 
when  mixed  with  nitrous  acid,  and  aded  on  by  a fufficient 
degree  of  heat,  produce  an  elaflic  fluid,  which,  if  the  fub- 
flance  contains  much  phlogiflon,  is  nitrous  air ; if  the  quan- 
tity of  phlogiflon  contained  is  very  fmall,  the  elaflic  fluid 
produced  is  fixed  air;  and  if  the  fubflance  is  very  much  de- 
phlogifticated, the  produce  is  pure  dephlogifticated  air.  But 
when  a fmall  quantity  of  phlogiflon  exifts  in  the  fubflance 
ufed,  the  fixed  and  dephlogifticated  air  generally  come  out 
together. 

To  this  theory  the  following  phenomenon  feems  to  be 
irreconcileable,  though  at  the  fame  time  it  is  not  quite  con- 
trary to  it. — Red  precipitate^  which  is  formed  by  boiling 

It  is  only  to  be  remarked,  that  from  fome  fubflances  more  of  it  can  be 
obtained  than  from  others-,  the  advantage  being  on  the  fide  of  the  metallic 
calxes  and  calcareous  earths. 
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mercury  and  nitrous  acid  together  for  a confiderable  time, 
when  expofed  to  a ftrong  degree  of  heat  in  a proper  veffel, 
yields  a great  quantity  of  pure  (dephlogifticated  air,  and  at  the 
fame  time  the  quickfilver  is  revivified  into  running  mercury, 
which  is  generally  fuppofed  to  contain,  like  other  metallic 
fubftances,  a confiderable  fhare  of  phlogifton. 

Upon  the  fuppofition  that  the  dephlogifticated  air  is  pro- 
duced from  the  nitrous  acid  mixed  with  thofe  fubftances 
(which,  for  very  good  reafons,  to  be  mentioned  prefently, 
feems  to  be,  in  great  meafure,  if  not  wholly  the  cafe)  the 
produdion  of  dephlogifticated  air  from  red  precipitate  may 
be  attributed  intirely  to  the  acid  ; and  in  fo  much  this  per- 
manently elaftic  fluid  is  not  become  nitrous  or  fixed  air,  as 
the  phlogifton,  which  exifts  in  the  fubftance  of  the  quick- 
filver, is  fo  intimately  conneded  with  the  other  components 
of  that  metal,  that  nothing  of  it  can  be  feparated  from  the 
bafis  with  which  it  is  conneded. 

That,  in  many  inftances,  the  quantity  of  dephlogifticated 
air  that  is  produced  depends  upon  the  quantity  of  nitrous 
acid  ufed  in  the  procefs,  has  been  pretty  clearly  proved. 
Dr.  Priestley  having  moiftened  equal  quantities  of  red-lead 
with  unequal  quantities  of  nitrous  acid,  found  that  the 
greateft  quantity  of  dephlogifticated  air  was  produced  by  that 
portion  of  red-  lead  with  which  a greater  quantity  of  nitrous 
acid  had  been  mixed;  the  quantities  of  dephlogifticated  air 
produced  being  nearly  proportional  to  the  quantities  of 
acid. 
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But  notwithflanding  tjiat  in  mofl  cafes  the  dephlogifticated 
air  feems  to  be  clearly  produced  from  the  nitrous  acid,  and 
that  Mr. ■ ScHEELf;  has  produced  xiephlogiflicated  air  from 
the  nitrous  acid  i|tj[elf,  without  the  inteiTCntion  of  any  other 
fubfliance  ; yet  it  is  certain,  from  a variety  of  experiments, 
that  the  dephlogifticated  air  is  not  only  the  produce  of 
nitrous  acid  only^  but  that  feveral  fubftances  yield  it  in- 
dependent of  that  acid,  and  when  t;hey  are  adted  upon  by 
heat  only,  or  by  the  vitriolic  acid.  Thus  precipitate  per  fe^ 
by  means  of  heat  only,  yields  dephlogifticated  air  Mr. 
Fontana  having  rendered  fome  precipitate  per  fe 
-by  keeping  it  in  a final  I degree  of  heat  for  feveral  hours, 
weighed  192  grains  of  it,  and  introduced  this  quantity  into  a 
glafs  phial,  having  a long  and  bent  tube,  as  already  defcribed : 
Then,  applying  a fufficient  degree  of  heat  under  it,  received 
the  air  unto  a glafs  jar  filled  with  and  inverted  in  a trough 
of  quickfilver.  The  bulk  of  dephlogifticated  air  produced 
by  this  quantity  of  precipitate  per  fe  was  26^-  cubic  inches, 
which  was  yielded  without  the  leaft  mixture  of  fixed  air; 
and  the  mercury  was  at  the  fame  time  revivified,  and  its 
weight  was  found  to  ’be  17 81-  grains,  fo  that  it  had  loft 
^ St  grains,  which  is  pretty  nearly  the  weight  of  the  dephlo- 

* The  reader  may  recolledt,  that  the  precipitate  per  fe  is  formed  by  expofing 
quickfilver  only  to  a pretty  ftrong  fand-heat,  for  fome  months,  in  glafs  velTeJs 
having  a longifh  open  neck. 
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gifticated  air  that  was  generated  -f*. — It  being  known  that 
when  quickfilver  is  turned  into  precipitate  per  fe  it  augments 
in  weight,  it  Teems  evident  that  the  mercury,  on  the  a6l  of 
becoming  precipitate  per  fe,  abforbs  from  the  atmofphcre  the 
pure  dephlogifticated  part  of  it,  which  augments  its  weight, 
and  which  comes  out  in  the  form  of  dephlogifticated  air, 
without  any  mixture  of  fixed  air,  when  the  precipitate  per  fe 
is  turned  into  running  quickfilver.  Though  we  are  much 
in  the  dark  refpecfting  the  nature  of  the  precipitate  per  fe,  and 
have  no  idea  of  the  manner  with  which  mercury  can  enter  into 
combination  with  air,  we  are  neverthelefs  certain,  that  the 
communication  with  the  atmofphere  is  neceftary  for  the 
converfion  of  mercury  into  precipitate  per  fe ; for  it  cannot 
be  eifecfted  in  veftels  hermetically  fealed;  and  that  it  does 
not  abforb  any  fixed  air 

Red-lead^  either  by  heat  only,  or  by  means  of  vitriolic  acid, 
yields  dephlogifticated  air  together  with  fixed  air.  If  the  red- 
lead  is  put  into  a glafs  veifel  filled  with  and  inverted  in  quick- 
filver, (in  which  cafe  the  red-lead  will  go  to  the  upper  part,  viz. 
to  the  inverted  bottom'  of  the  vefiel)  and  the  focus  of  a lens 
is  thrown  upon  it,  the  red-lead  will  yield  about  ten  times  its 
own  bulk  of  elaftic  fluid  ; one  third  part  of  which  is  fixed,  and 
the  reft  dephlogifticated  air.  If  the  red-lead  is, put  into  a 

f See  Recherches  Phyfiques  fur  la  nature  de  I’air  nitreux,  et  de  Pair  dephio* 
giftique,  par  I’Abbe  Felix  Fontana,  p.  117. 

:|;  Ibid.  p.  1 3 1. 
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glafs  phial  with  ground  ftopple  and  tube,  and  fome  vitriolic 
acid  is  poured  upon  it,  a good  deal  of  elaftic  fluid  will  be  pro- 
duced, the  firfl  part  of  which  is  moftly  fixed  air,  but  the  great- 
eft  part,  that  is  afterwards  yielded,  is  dephlogifticated  air. 
Although  part  of  the  elaftic  fluid  in  this  procefs  is  produced 
without  any  application  of  heat,  it  is  yet  neceflary  to  apply 
the  flame  of  a candle  under  the  phial,  in  order  to  obtain  the 
greateft  quantity  of  it.  When  this  experiment  is  performed 
for  the  fake  of  obtaining  fome  quantity  of  dephlogifticated  air, 
it  being  a very  expeditious  way,  the  beft  method  is  to  receive 
the  whole  produce  of  elaftic  fluid  in  one  veflel ; for  afterwards, 
by  agitating  the  fame  in  water  or  lime-water  for  a fhort  time, 
the  fixed  air  is  abforbed,  and  the  dephlogifticated  air  remains 
pure 

The  quantity  of  dephlogifticated  air  obtainable  by  this 
means  from  red-lead  is  various,  according  to  the  various 
fpecimens  of  that  fubftance ; and  it  is  remarkable,  that  old 
red-lead  yields  more  of  it  than  fuch  as  has  been  newly  made; 
which  fhews  that  red-lead,  like  the  precipitate  per  fe,  abforbs 
the  dephlogifticated  air,  or  that  fubftance  which  forms  it, 
from  the  atmofphere. — Indeed  red- lead  cannot  be  made 
except  with  the  accefs  of  air.  Perhaps  the  reafon  why  old 

* Mr.  J,  WARLTiREjina  letter  to  Dr.  Priestley,  mentions  to  have  obferved, 
that  when  the  red-lead  is  previoudy  moidened  with  nitrous  acid,  and  then  ftrong 
vitriolic  acid  is  poured  upon  it,  the  dephlogifticated  air  is  difengaged  fuddenly 
from  the  materials,  in  a confiderable  quantity,  and  without  the  application  of 
any  extraneous  heat.  Its  quality  is  alfo  fuperior  to  that  obtained  without  the 
iatervention  of  nitrous  acid.  Exper.  and  Obfer.  vol.  iii.  p.  366. 

3 Y 


red- lead 


530-  Of  the  Nature  and  Properties  of  Air^ 

red4ead  contains  more  dephlogifticated  air  than’ that  newly 
made,  is^becaufe  red-lead  is  not  fo  pure  a calx,  when  juft 
made,'  but  contains ' ftill  a 'conftderable  fliare  of  phlbgifton  ; 
which,  by  mere  expofure  to  the  air  for  aiong  time,  is  con- 
tinually‘imparted  tp  the  atmofphere,  and  at  the  farne  tinte,  in 
proportion^as  the'  red-lead  lofcs  gradually  its  phlogifton,  it 
acquires  the  dephlogifticated  air. — Different  ‘applications  of 
heat  have  alfo  different'  effects  upon  red-lead 
t By  means  of  heat  only,  fome  dephlogifticated  air  may  be 
obtained  from  fedative  fait ; but  the  quantity  it  yields  is  very 
fmallj'in  general^not  exceeding  the  bulk  of  the  materials, 

r • 

and  the- quality  is  fuch,  that  fometimes  it  is  not  purer  than 
common  arri  * 

, Beftdes  thofe  already  mentioned,  dephlogifticated  air  may 
be  obtained  from  fevetal  other  minerals.  From  an  ounce  of 
manganefe^  finely  powdered,  Dr.  Priestley,  by  a red  fand- 
heat,  obtained  40  ounce  meafures  of  air,  part  of  which, 
efpecially  at  the  firft,  was  fixed'  air,  but  four  fifths  of  the  laft 
was  very -pure  dephlogifticated  airf.  After  the  experiment, 

' the 

f 

* “ From  equal  quantities  of  the  fame  red-lead,  without  any  mixture  of  fpiric 
“ of  nitre,  and  ufing  the  fame  gun-barrel,  I got,  by  means  of  heat  fuddenly 
“ applied,  more  air  than  I got  by  heat  applied  flowly,  in  the  proportion  of  ten  to 
fix.  The  proportion  of  fixed  air  was  the  fame  in  both  cafes,  and  the  remainder 
equally  dephlogifticated.”  Priestley’s  Exper.  and  Obfer.  vol.  iii.  p.  37. 

■f  In  this,  and  in  fimilar  experiments,  the  Do6lor  ufed  fmall  bellied  retorts  of 
green  glafs,  which  can  ftand  the  fire  beft,  containing  about  an  ounce  of  water, 
and  having  very  long , and  narrow  necks  .about  eighteen  or  twenty  inches  Jong. 
Into  thefe  retorts  he  put  the  fubftance  to  be  examined,  and  then  expofed  them 

to 
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the  fnangc^nefe  was  found  to  hav.e  loft  14-  dwta.,jQf  its,  weight, 
but  it  was  ftill  black  as  before.  A conftderable  quantity  of 
water  came  over  during  this  procefs*.  ;.iv.r  ‘ * 

From  one  ounce  oi  lapis  calaminar is  powdered,  by  a 

red-Jiot  fand-heat,.  316  ounce  meafures  of  air  weiie  produced, 
four  ounce  meafures  of  .which  was  dephlogiftica’ted  air,  the 
reft  was  fixed  air.  It  is  remarkable,  that  the  refiduum,  after 

that  this  fixed  air  had  been  abforbed  by  water,  was  as  good 
as  common  air^.  , * , . 

From  an  ounce  of  the  mineral  called  wolfram,  like 

the  above-mentioned  lapis  calaminaris,  after  a long  continued 
heat,  not  more  than  one  ounce  meafure  of. air  was  produced, 
a fmall  part  of  which  was  fixed  air,  and  the  reft  was  about 
as  good  as  common  air  . ’■ 

Dr.  Priestley  diftblved  6 dwts.  of  very  clean  iron  in  oil 
of  vitriol,  and  then  diftilled  the  folution  to  drynefs  in  along- 
necked  retort;  “ I received,’’ ‘‘  the  common  air.a 
“ little  phlogifticated,  a little  fixed  air,  much  vitriolic  acid 
“ air,  and  laftly  1 8 ounce  meafures  of  dephlogifticated  air. 
“ The  iron  that  remained  undifiblved  weighed  23  grains,  fo 
“ that  the  air  was  yielded  by  5^^dwts.  i grain,  of. iron. 
“ The  ochre  weighed  7 dwts.  13  grains,  fo  that  there 
probably  remained  a quantity  of  oil  of  vitriol  in  the  ochre; 

to  a red-heat,  either  in  fand  or  over  a naked  fire,  while  their  necks  were  plunged 
in  water  or  mercury.  Exper.  and  Obfer.  vol.  iv.  p.  202. 

* Exper.  and  Obfer.  vol.  iv.  fed.  20. 
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and  confequently,  had  the  heat  been  greater,  more  air 
“ might  have  been  procured 

The  Dodtor  having  afcertained,  that  by  repeated  additions 
of  nitrous  acid  upon  feveral  fubftances,  more  and  more  dephlo- 
gifticated  air  could  be  obtained,  examined  whether  the  fame 
efFed:  would  take  place  with  vitriolic  acid.  To  this  effed,  he 
added  more  oil  of  vitriol  to  the  refiduum  of  the  above-men- 
tioned experiment  with  iron,  “ and  then  with  a red  heat,  in 
“ a glafs  retort,  it  yielded  a quantity  of  vitriolic  acid  air,  no 
“ fixed  air,  but  24  ounce  meafures  of  dephlogifticated  air; 
“ when,  the  retort  being  melted,  a good  deal  of  the  air  was 
“ neceflarily  loft ; for  the  produce  of  air  had  not  begun  to 
“ flacken  when  this  accident  happened,  and,  removing  the 
“ retort  from  the  fire,  I found  only  about  half  of  the  matter 
“ turned  red,  while  the  remainder  was  white.  From  this 
“ circumftance  I concluded,  that  before  I had  not  got  half 
“ the  air  that  it  would  have  yielded.  Refuming  the  procefs 
‘‘  in  a gun-barrel,  I adually  got  about  as  much  air  as  I had 
done  before. 

“ I had  not  now  the  leaft  doubt  remaining,  but  that  the 
acid  of  vitriol,  at  leaft  with  iron,  is  capable  of  properly 
“ generatmg  dephlogifticated  air,  as  well  as  the  acid  of  nitre 
“ with  lead,  or  any  fubftance  whatever -f**’* 

Upon  an  ounce  of  common  ruft  of  iron.  Dr.  Priestley 
poured  fome  vitriolic  acid,  which  was  foon  imbibed  by  the 

'^Exper.  and  Obfer.  vol,  iv.  fed.  20. 
t ibid.  fed.  2x. 

ruft  J 


533 


and  other  fermamntly  elajlk  Fluids. 

ruft ; then  ufing  a gun-barrel,  he  obtained  from  it  two  or 
three  pints  of  fixed  air,  but  which  contained  a large  refiduum, 
viz.  about  one  third  of  phlogifticated  air.  “ As  the  com- 
“ mon  ruft  of  iron,**  fays  he^  “ contains  a good  deal  of 
phlogifton,  I did  not  expert  any  better  refult  from  this 
“ experiment.  But  having,  fn  fome  meafure,  purified  it  by 
“ this  procefs,  I put  more  oil  of  vitriol  to  what  remained  of 
“ the  ruft  of  iron,  and  then  I got  from  it  only  a little  fixed 
“ air,  and  fixteen  ounce  meafures  of  dephlogifticated 
“ air 

From  about  half  an  ounce  of  blue  vitriol,  in  a glafs  veflel. 
Dr.  Priestley  obtained  a little  fixed  air,  and  one  ounce 
meafure  of  dephlogifticated  air ; but  the  glafs  veflel  breaking, 
he  put  the  materials  into  a gun-barrel,  and  then  they  yielded 
about  25  ounce  meafures  of  dephlogifticated  air,  with  hardly 
any  more  fixed  air  -f. 

Having  put  half  an  ounce  of  copper  in  oil  of  vitriol,  part 
of  which  only  was  found  diflblved  after  the  procefs  (for  that 
which  was  firft  diflblved  formed  a cruft  over,  and  defended 
the  reft  of  the  metal ;)  and  having  put  this  half  ounce  of 
copper,  with  the  oil  of  vitriol,  into  a glafs  retort;  Dr. 
Priestley  diftilled  it  to  drynefs,  and  obtained  from  it, 
befides  vitriolic  acid  air,  fome  fixed  air,  and  but  one  ounce 
meafure  of  dephlogifticated  air.  The  glafs  retort  being 
melted,  he  introduced  the  materials  into  a gun-barrel;  and,  by 

* Exper.  and  Obferv.  vol.  iv.  fed.  21. 
t Ibid.  vol.  iv.  fed.  22. 
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a ftrong  fire  urged  by  a pair  of  bellows,  he  obtained  about 
one  ounce  meafure  of  fixed  air,  and  about  ten  times  as  much 
dephlogifiicated  air 

From  an  ounce  of  calcined  white  vitriol  in  a gun-barrel, 
the  Doflor  obtained  a great  quantity  of  vitriolic  acid  air,  fome 
fixed  air,  and  five  ounce  meafures  of  dephlogifticated  air 

A quantity  of  oil  of  vitriol  being  put  upon  half  an  ounce 
of  flowers  of  zinc,  and  then  thefe  materials  being  intro- 
duced into  a gun-barrel  in  a flrong  fire,  they  yielded  three 
ounce  meafures  of  elaftic  fluid,  a fmall  part  of  which  was 
fixed  air,  and  the  remainder  was  nearly  as  good  as  common 
air.  But  Dr.  Priestley,  who  made  this  experiment,  ob- 
ferves,  that  had  he  made  ufe  of  a glafs  veflel  inflead  of  the 
gun-barrel,  he  would,  in  all  probability,  have  obtained  a much 
greater  quantity  of  elaftic  fluid,  and  of  a purer  fort;  it  being 
certain,  that  whatever  tends  to  injure  good  air,  lelTens 
alfo  the  quantity  of  it 

The  Docftor  had  no  fuccefs  with  filver,  “owing,  perhaps,” 
he,  “ to  its  requiring  more  heat  than  I could  apply  in  a 
“ glafs  velTel 

Mercury,  diftfolved  in  vitriolic  acid,  and  the  folution  ex- 
pofed  to  a ftrong  heat,  in  a glafs  retort,  and  diftilled  to  dry- 
nefs,  yields  firft  a good  deal  of  vitriolic  acid  air  mixed 
with  fome  fixed  air,  and  then  fome  dephlogifticated  air. 

From  an  experiment  of  Dr.  Priestley’s  it  appearS/Hhat 

* Exper.  and  Obfer.  vol.  iv.  feft.  22.^' 
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from  an’  ounce  of  mercury,  diflblved  in  two  ounces  of 
vitriolic  acid,  the  quantity  of  dephlogifticated  air  obtained 
was  21  ounce’meafures ; but  it  feems  that  this  was  not  the 
whole  quantity  that  might  be  obtained,  fince  the  procefs  was 
interrupted  by  the’  ihelting  of  the  retort 

It  is  remarkable,” Dr.  Priestley,  ‘‘that  either  by 
“ means  of  oil  of  vitriol,  or  fpirit  of  nitre,  qiiickfilver  yields 
“ a very  great  quantity  of  dephlogifticated  air  ; but  with  this 
“ difference,  that  in  the  procefs  with  fpirit  of  nitre,  almoft 
“ the  whole  of  it  (that  is,  if  the  procefs  be  conducted  with 
“ care,  with  the  lofs  of  not  more  than  the  twentieth  part  of 
“ the  mercury)  is  revivified,  and  therefore  may  be  ufed  again 
“ and  again;  whereas,  in  the  procefs  with  the  oil  of  vitriol, 
“ almoft  all  the  mercury  is  loft 

From  an  ounce  of  pure  white  calx  of  tin,  called  and 

oil  of  vitriol,  Dr.  Priestley  obtained  a little  fixed  air,  with 
about  three  ounce  meafures  of  phlogifticated  air ; but  he 
attributes  the  non-produ6lion  of  dephlogifticated  air  to 
the  gun-barrel  employed,  which  may  probably  have  im- 
parted phlogifton  to  the  produced  elaftic  fluid  Indeed  it 
it  is  a great  defideratum  in  philofophy,  to  find  a fubftance 
capable  of  being  formed  into  retorts,  or  other  like  veffels, 
and  which  might  fuftain  a very  great  degree  of  heat,  and  at 
the  fame  time  was  not  affedted  by  acids. 

Bcfides  the  metallic  earths,  dephlogifticated  air  may  be 

* Exper.  and  Obfcr.  vol.  iv.  fe(St.  22, 
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obtained  alfo  from  other  earthy  fubftances,  when  mixed  with 
vitriolic  acid,  though  in  fmall  quantity.  Alum  by  itfelf 
gives  fixed  air,  and  a fmall  quantity  of  air  which  is  generally 
a little  better  than  common  air  j but  when  it  ceafes  to  give 
any  elaftic  fluid  by  itfelf,  if  oil  of  vitriol  is  added  to  it,  and 
then  expofed  to  a ftrong  heat  in  a proper  veflel,  it  yields  a 
little  more  elaftic  fluid,  which  confifts  of  fixed  air  and  a 
fmall  portion  of  refpirable  air. 

^uick- limey  moiftened  with  oil  of  vitriol,  and  expofed  to  a 
very  ftrong  degree  of  heat,  yields  a confiderable  quantity  of 
fixed  air,  and  a fmall  portion  of  refpirable  air  of  about  the 
fame  degree  of  purity  as  common  am  * 

“ Manganefey'  fays  Dr,  Priestley,  “ yielding  dephlo- 
“ gifticated  air  without  the  help  of  any  acid,  it  might  be 
thought  more  proper  for  the  produdion  of  air  with  that 
“ afliftance,  as  minium  is  with  refped  to  the  nitrous  acid.  I 
“ therefore  tried  it  on  the  15th  of  April ; when,  to  one  ounce 
“ of  this  fubftance,.  (which  had  been  kept  red-hot  a long 
**  time  on  the  loth  of  November  preceding)  I put  fome  oil 
of  vitriol,  which  it  imbibed  eagerly,  and  then  got  from  it 
about  I 2 ounce  meafures.  of  air,  the  whole  of  which  was 
fixed  air,  except  about  one  ounce  meafure,  which  was 
“ about  as  good  as  common  air.  In  this  experiment  I 
“ believe  I made  ufe  of  a gun -barrel ; fo  that,  probably,  mors 
and  better  air  would  have  been  procured  in  a glafs  veflel 


* Exper.  and  Obfer.  vol.  iv<  feft.  23, 
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In  refpedl  to  the  extraction  of  dephlogifticated  air  from  any 
fubftance  by  means  of  marine  acid,  1 find  only  one  fatis- 
factory  experiment,  which  is  of  Dr.  Priestley;  who  having 
dilTolved  a quantity  of  7nmium  in  fpirit  of  fait,  diftilled  the 
folution,  and  obtained  from  it  a quantity  of  dephlogifticated 
air  with  a fmall  portion  of  fixed  air  — Upon  the  whole,  it 
appears  that  various  fubflances  contain  dephlogifticated  air, 
or  fome  fort  of  matter  which  can  affume  the  form  of  a per- 
manently elaftic  fluid  much  purer  than  common  air ; that 
the  production  of  this  elaftic  fluids  may  be  effected  by  means 
of  heat,  and  by  the  aCtion  of  the  nitrous  or  vitriolic  acid  ; and 
that  fome  fubftances,  which  do  not  yield  any  dephlogifticated 
air  by  means  of  heat  only,  may  be  rendered  capable  of  yield- 
ing fome  of  that  elaftic  fluid,  by  adding  the  vitriolic,  and 
efpecially  the  nitrous  acid  to  them.  This  laft  obfervation 
feems  to  fhew,  that  the  two  acids,  namely  the  vitriolic  and 
the  nitrous,  may  be  changed  into  dephlogifticated  air ; upon 
which  fuppofition,  thofe  two  acids  would  appear  to  be 
originally  the  fame  thing,  fince  either  of  them  may  be  turned 
into  the  fame  kind  of  fubftance.  But  if  the  above-mentioned 
obfervations  are  duly  confidered,  it  will  appear,  that  although 
feveral  fubftances,  which  do  not  yield  any  dephlogifticated 
air  of  themfelves,  when  mixed  with  vitriolic  acid  are  capable 
of  producing  fome  of  it,  yet  it  may  be,  that  they  contain  in 
themfelves  the  dephlogifticated  air,  which  the  force  of  heat 

f Exper.  and  Obfer.  vol.  iv.  p.  442. 
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only  cannot  expel  from  them ; but  that  the  vitriolic  acid, 
weakening  the  attradion  between  the  parts  of  thofe  bodies  and 
of  the  dephlogifticated  air,  renders  the  latter  capable  of  being 
eahly  expelled  by  fire.  The  bodies  employed  remaining,  after 
thofe  experiments,  of  nearly  the  fame  weight  as  they  were 
before,  is  neither  a fatisfadory  phenomenon  ; fince  the  weight 
lofl;  by  the  cfcape  of  the  dephlogifticated  air  from  thofe 
bodies  may  be  fupplied  by  the  vitriolic  acid,  or  by  the  water 
it  contains.  Notwithftanding  that  thofe  obfervations  are,  in 
great  meafure,  applicable  to  the  experiments  with  the  nitrous 
acid,  yet  it  feems  afeertained  that  the  nitrous  acid  may 
affume  the  form  of  dephlogifticated  air,  if  not  by  itfelf,  at 
leaft  in  conjundion  with  fomething  elfe,  of  which  hitherto 
we  have  no  precife  idea.  The  experiments  with  the  calx  of 
lead,  moiftened  with  nitrous  acid,  together  with  feveral  other 
experiments  of  the  like  nature,  render  it  highly  probable ; 
but  the  produdion  of  dephlogifticated  air  from  nitre,  in 
which  cafe  all  its  acid  part  is  loft,  and  Mr.  Scheele’s  experi- 
ment of  obtaining  dephlogifticated  air  from  nitrous  acid  itfelf, 
render  it  as  certain  as  it  can  be  expeded  in  experimental 
philofophy,  viz.  that  the  acid  of  nitre  may  become  dephlo- 
gifticated air,  or  at  leaft:  one  of  it  components. 

From  this  it  follows,  that  dephlogifticated  air  is  an  acid;  but 
as  it  (hows  none  of  the  general  properties  of  acids,  and  being 
very  far  from  having  any  olfenfive  quality,  it  mufi:  be  mixed 
with  fome  other  fubftance,  which  renders  it  mild,  or,  as  it  may 
. be  faid,  neutralizes  it.— This  confideration  leads  to  many  con- 
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clufions  that  are  very  interefting  in  the  fubje£t  of  this  work ; 
but  we  fhall  defer  examining  it  farther  till  after  we  have  taken 
notice  of  the  other  methods  of  obtaining,  and  of  fome  other 
properties  of  dephlogifticated  air. 

Among  the  other  fources  of  dephlogifticated  air,  the 
reader  may  recoiled:  to  have  been  mentioned,  in  the  preceding 
Chapter,  that  green  plants,  when  expofed  to  the  dired  light 
of  the  fun,  do  yield  dephlogifticated  air:  Dr.  Priestley, 
having  examined  the  bladders  that  are  formed  on  feveral 
plants,  has  often  found  that  the  permanently  elaftic  fluid 
they  contained,  was  purer  than  the  common  air.  The 
Dodor  having  examined  the  air  contained  in  the  hollows  of 
the  bladder  jena^  and  of  the  ftalks  of  onions,  found  it  fometimes 
of  the  fame  degree  of  purity  with  common  atmofpheric  air, 
and  fometimes  a little  worfe.  With  the  air  extraded  from  the 
bladders  of  certain  fea-weeds,  thrown  by  the  waves  upon  the 
fea-fhore,  he  had  nearly  the  fame  fnccefs ; but  gathering 
once  the  young  and  frefh  plants  that  were  adually  growing 
under  the  fea-water,  and  prefling  the  air  out  of  their  bladders 
in  a tub  of  water,  he  colleded  it  into  an  inverted  receiver,  and, 
examining  it  by  the  nitrous  tafte,  found  it  to  be  purer  than 
common  air,  flnce  it  gave  1,1,  i,t,  whereas  common  air 
gave  I, I,  1,35. — The  manner  in  which  the  air  comes  to  be 
leded  in  thofe  bladders  is  deferving  of  inveftigation. 

It  has  been  mentioned  in  the  preceding  Chapter,  that 
various  forts  of  water  contain  fome  pure  refpirable  air,  which, 
by  boiling,  may  be  extraded  from  them  \ and  it  has  been  alfo 
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fliewn,  that  the  water  out  of  which  the  air  has  been  extraded 
by  boiling,  or  by  the  air-pump,  when  expofed  to  the  at- 
mofphere,  abforbs  the  purefi:  part  of  it,  leaving  back  the  more 
phlogifticated  portion.  But  Dr.  Priestley  has  made  feveral 
interefting  difcoveries  relative  to  the  fpontaneous  emiflion  of 
pure  air  from  water  ; which,  for  fhortnefs  fake,  I fhall  here 
colled  under  a few  principal  and  comprehending  heads. 
I.  If  a glafs  receiver  filled  with,  and  inverted  into,  a bahn  of 
pump- water,  is  expofed  to  the  light  of  the  fun,  that  quantity 
of  water  will,  in  general,  yield  about  one  ounce  meafure  of 
dephlogiflicated  air  for  every  1 5 ounces  of  water,  and  that  in 
about  one  month’s  time  • the  air  being  colleded  at  the  top, 
or  inverted  bottom  of  the  receiver.  It  is  very  remarkable,  that 
heat  without  light  will  not  have  the  fame  effed  upon  pump- 
water;  ‘‘  and  though,  when  water  is  once  prepared  by  expofure 
“ to  the  fun,  warmth  will  fuffice  to  expel  that  air  ; yet,  in 
“ this  cafe,  the  air  has  never  been  fo  pure  as  that  which  has 
“ been  yielded  fpontaneoufly,  without  additional  heat.”  The 
quantity  of  air  that  is  expelled  from  pump- water  by  heat 
only,  is  alfo  lefs  in  quantity  than  that  which  it  yields  by 
expofure  to  the  fun.  II.  The  pump-water  does  not  feem  to 
begin  to  yield  any  air  till  fome  greenifh  matter  is  formed 
on  the  infide  of  the  inverted  vefTel ; which  feems  to  fhew  as  if 
the  dephlogiflicated  air  was  produced  from  the  green  matter 
rather  than  from  the  water  fays  Dr,  Priestley, 

“ I prefently 

• In  regard  to  the  green  matter  that  is  ufually  formed  on  the  fides  and  at  the 
bottom  of  veflcls  containing  pump-water,  the  Do(flor  obferves,  that  he  always 
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“ I prefcntly.  afterwards  conlidered,  that  the  formation  of  the 
“ bubbles  of  air  at  the  green  matter  was  no  proof  that  they 
“ yielded  by  it;  fince  no  air,  or  even  vapour,  can  iffue 
“ from  water,  but  at  the  place  where  it  is  bounded  by  fome 
“ other  fubftance  ; aaid  the  water  might  yield  its  air  con- 
“ tiguous  to  one  kind  of  fubftance  in  preference  to  another. 
“ Though,  therefore,  I had  not  perceived  any  bubble  of  air 
“ to  iffue  from  the  water  that  had  depofited  it,  or  from  any 
“ part  of  the  tranfparent  glafs,  but  only,  as  it  feemed,  from 
“ the  green  matter,  I had  been  too  hafty  in  concluding  even 
“ that  the  water  could  not  yield  the  air  but  with  the  aflift- 
“ ance  of  that  fubftance.  At  length  the  following  expert- 
“ ment  gave  me  juft  ideas  on  the  fubjedl  : 

“ Obferving  one  of  my  phials  of  water,  that  had  got  a 
“ coating  of  the  green  matter,  yielding  air  very  copioufty,  I 
“ poured  the  water  out  of  it  into  a clean  phial,  and  found 
“ that,  by  the  agitation  given  to  it  in  the  adl  of  decanting, 

found  it,  in  cafe  the  water  was  expoled  to  the  and  when  the  water, 

being  kept  in  the  dark  for  fome  time,  had  depofited  a whitifh  filmy  mat- 
ter, it  has  become  green  after  a few  days  expofurc  to  the  fun.  That  although 
he  obferved  that  river  and  rain-water,  after  long  Handing,  depofited  fome  of  that 
green  matter,  yet  the  pump-water  that  he  ufed,  depofited  it  much  more  freely,, 
cfpecially  when  it  had  been  impregnated  with  fixed  air.  And  laftly,  that  this 
green  matter  is  formed  alfo  in  vefiels  that  are  kept  clofe  Hopped;  on  which  account 
this  matter  feems  to  be  fomething  difierent  from  animal  or  vegetable  bodies. 

This  fubHance,  which  is  at  firH  green,  becomes  gradually  of  a yellow,  or  rather 
orange-colour,  and,  when  viewed  through  a microfeope,  it  feems  to  be  a con- 
geries of  compadt  earthy  matter,  with  a few  hollow  filaments  and  very  fev; 
globular  parts. 

it 
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“it  fparkled  as  much  as  any  Pyrmont  or  Seltzer  water. 
“ Inverting  it  in  a bafin  of  water,  I colleded  the  air,  and 
“ found  it  to  be  very  pure.  I treated  feveral  other  phials  in 
“ the  fame  manner,  and,  the  fubfequent  appearances  being 
the  fame,  I had  no  doubt  but  that,  when  water  is  brought 
“ into  a date  proper  for  depofiting  that  green  matter,  it  is, 
“ by  the  fame  procefs,  prepared  for  the  fpontaneous  emiflion 
“ of  a confiderable  quantity  of  pure  air  III.  Laftly,  it 
appears  from  the  experiments  of  Dr,  Priestley  and  others, 
that  the  permanently  elaftic  fluid  contained  in  pump-water 
is  different  at  different  times,  as  well  as  in  different  places ; 
but,  fays  Dr.  Priestley,  “ the  general  concluflon  I have 
“ drawn  from  the  whole,  that  I was  able  to  obferve,  is,  that 
“ whatever  air  is  naturally  contained  in  water,  as  calcareous 
“ matter,  &c.  becomes,  after  long  ftanding,  but  efpecially 
“ when  expofed  to  the  fun,  depurated^  fo  as  at  length  to  be- 
“ come  abfolutely  dephlogifticated ; and  that  this  air,  being 
“ continually  emitted  by  all  water  expofed  to  the  action  of 
“ the  fun’s  rays,  muft  contribute  to  the  melioration  of  the 
ftate  of  the  atmofphere  in  general 

It  has  been  afcertained  by  Dr.  M.  Dobson,  of  Liverpool, 
that  the  fea-water  contains  dephlogifticated  air,  or  air  cer- 
tainly purer  than  common  air ; which  may  be  extraded  from 
it  by  boiling  in  glafs  velfcls.  The  bulk  of  the  air  that  can, 
by  this  means,  be  obtained,  is  to  the  bulk  of  the  fea-water  as 
one  to  flxty,  nearly. 

* Exper.  and  Obler.  vol.  iv.  feft.  xxxiii. 
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Having  mentioned  the  principal  and  more  general  obfer- 
vations  relating  to  the  produdion  of  dephlogifticated  air,  it 
is  now  neceffary  to  examine  the  nature  of  that  elaflic  fluid, 
and  alfo  various  other  particulars  relating  to  the  origin  of  it ; 
which  particulars  it  was  not  deemed  proper  to  infert  among 
the  preceding  obfervations,  flnce  they  had  an  immediate  con^ 
nedtion  with  the  fubjedl  we  are  now  going  to  examine, 
viz.  the  nature  of  that  permanently  elaftic  fluid. 

From  a variety  of  experiments  and  conflderations,  Dr. 
Priestley  was  led  to  conflder  dephlogifticated  air  as  a 
compound  of  nitrous  acid  and  earth.  Indeed,  if  it  be  con- 
fldered  that  by  means  of  heat,  nitre  may  be  intirely  deprived 
of  its  acid  part ; that  the  produce  ariflng  from  this  de** 
compofltion  is  principally,  if  not  wholly,  dephlogifticated  air; 
and  that  this  dephlogifticated  air,  not  fhewing  any  marks  of 
acidity,  muft,  according  to  the  general  laws  of  chymiftry, 
contain  that  acid  enveloped  in  fome  other  fubftance,  like 
fulphur,  (which  contains  a great  quantity  of  vitriolic  acid 
without  fhewing  any  marks  of  acidity,  becaufe  the  other 
components  of  that  fubftance  keep  that  acid  in  a ftate  of 
concealment :)  and  if  it  be  alfo  confldered,  that  nitre  is 
formed  only  in  the  open  air  ; one  is  naturally  led  to  conflder 
the  dephlogifticated  air  to  be  a compound  of  nitrous  acid  and 
fomething  clfe,  which  may,  very  likely,  be  an  earth.  But, 
befldes  thefe  conflderations.  Dr.  Priestley  eftablifhes  his 
theory  upon  very  remarkable  experiments,  the  principal  of 
which  are  thofe  in  which,  by  repeated  additions  of  frefh 
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nitrous  acid  upon  the  very  fame  earthy  fubftance  which  had 
yielded  dephlogifticated  air,  and  by  expofing  it  again  and 
again  to  a fufficient  degree  of  heat  in  proper  veflels,  more  and 
more  dephlogifticated  air  may  be  obtained  from  it,  until  the 
whole  of  that  earthy  fubftance  is  exhaufted.  It  is  a re- 
markable fad:,  that  when  dephlogifticated  air  is  produced  by 
giving  to  the  materials  a violent  degree  of  heat,  its  appearance 
is  generally  turbid,  owing  to  fome  whitifh  powder,  and 
probably  to  fome  vapour  alfo,  that  is  fufpended  in  it,  and 
which  powder  is  depoftted  according  as  the  dephlogifticated 
air  cools*.  Upon  this  Dr.  Priestley  remarks,  that  as  a 
“ conftderable  quantity  of  earth  is  adually  contained  in  it 
‘‘  when  hot,  and  depoftted  when  it  is  cold,  it  lliould  feem 
that  it  muft  retain  fome  proportion  of  earth  in  the  com- 
mon  temperature  of  the  atmofphere 

Notwithftanding  the  convidion  with  which  thofe  experi- 
ments and  obfervations  of  Dr.  Priestley  feem  to  be  attend- 
ed, his  theory  has  been  ably  controverted  by  Mr.  Fontana. 
This  accurate  and  learned  philofopher  obferves,  that  when 
dephlogifticated  air  is  extraded  from  red  precipitate  by  heat, 
the  mercury  which  is  revivifted  in  the  operation  weighs 

* “ I have  frequently  obferved,  that  when  the  produdlion  of  dephlogifticated  air 
“ is  very  copious,  it  is  furcharged  with  a great  quantity  of  white  powdery  matter. 
“ I once  collefted  a quantity  of  this  fubftance,  and  found  that  it  continued  in 
“ the  form  of  a white  powder-,  it  made  no  effervefcence  with  fpirit  of  nitre,  but 
“ feemed  to  be  in  part,  though  not  wholly,  diftblved  in  it.”  Exper.  and  Obfer. 
vol.  iii.  p.  91. 

§ See  the  preface  to  the  3d  vol.  of  Exper.  and  Obfer. 
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nearly  as  much  as  the  mercury  that  was  employed  in  making 
that  quantity  of  red  precipitate.  Mr.  Lavoisier  having 
reduced  two  ounces  one  drachm  of  mercury  into  red  pecipi- 
tate,  and  having  afterwards  revivified  it,  loft  a very  few  grains 
of  the  mercury,  which  might  be  the  weight  of  a little  red 
matter  that  was  found  adhering  to  the  neck  of  the  veflel. 
Mr.  Fontana  having  repeated  this  experiment  feveral  times, 
the  lofs  of  weight  was  often  lefs  than  a grain.  The  veftel 
he  ufed  had  a neck  about  two  feet  long,  and  he  particularly 
remarks,  that,  in  order  to  fucceed  in  this  experiment,  the  fire 
fhould  be  managed  with  very  great  dexterity  ; for  if  that  is 
too  ftrong,  part  of  the  precipitate  will  be  volatilized,  and 
then  the  refult  of  the  experiment  is  precarious. — Upon  this 
Mr.  Fontana  juftly  obferves,  that  the  dephlogifticated  air  is 
produced  from  the  acid  employed  in  making  the  precipitate, 
and  that,  confequently,  no  earth  enters  into  its  compofition*. 
Dr.  Priestley,  in  confequence  of  thofe  obfervations  of  Mr. 
Fontana,  repeated,  feveral  times,  the  above-mentioned  ex- 
periment with  red  precipitate,  and  finds,  contrary  to  Mr. 
Fontana,  that  they  were  always  attended  with  a con- 
fiderable  lofs  of  the  weight  of  the  mercury.  In  one  of  his 
experiments,  out  of  ii  dvvts.  10  grs.  of  mercury,  i dwt.  2 grs. 
were  loft.  In  another  experiment,  88  grs.  were  loft,  out  of 
a quantity  of  red  precipitate,  in  which  half  an  ounce  of 
mercury  had  been  employed.  In  fhort,  the  weight  of  mer- 

* Rechcrches  Phyfiques  fur  I’Air  dephlogiftique. 
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cury  loft  in  his  experiments,  or  rather  the  proportion  of  it  to 
the  weight  of  the  mercury  employed,  was  always  various,  and 
the  difference  being  not  very  fmall  It  appears,  alfo,  that 
the  Do6lor  employed  a ftrong  degree  of  heat  in  thofe  experi- 
ments, which,  no  doubt,  volatilized  part  of  the  precipitate^ 
and,  expelling  it  from  the  retort,  occafioned  the  lofs  of  weight. 
That  this  muft  have  been  the  cafe  feems  evident,  even  by 
conftdering  the  w’hitifti  powder  that  gives  the  turbid  appear- 
ance to  the  dephlogifticated  air,  when  produced  by  employ- 
ing a violent  fire,  and  which  is  depoftted  immediately  after 
the  produdtion  of  the  air.  So  that  wc  may  conclude,  that  no 
experiment  hitherto  made,  decifively  fhews  that  any  earth 
enters  into  the  compofttion  of  dephlogifticated  air,  and  that 
the  contrary  feems  to  be  very  probable ; fince  the  dephlogiftb 
cated  air  has  been  produced  by  Mr.  Scheele  from  the  nitrous 
acid  alone ; fince,  in  the  reduction  of  red  precipitate,  no. 
earth  of  the  metal  is  loft ; and  fince  dephlogifticated  air  can 
be  produced  from  all  the  earths,  with  the  addition  of  nitrous 
acid,  in  which  cafe,  fuppofing  that  an  earth  is  neceftary  for 
the  formation  of  dephlogifticated  air^  it  would  follow,  that 
either  every  kind  of  earth  can  ferve  that  purpofe,  or  that  all 
the  various  diftineftions  of  earths,  viz.  metallic,  calcareous,, 
filiceous,  &c.  are  ultimately  the  fame,  which  feems  unlikely 
on  various  accounts. 

Here  it  is  not  meant  to  affert,  that  no  earthy  particles  at 
all  can  be  fufpended  in  dephlogifticated  air,  for  that  is  very 

* See  the  preface  to  the  third  vol.  of  Exper.  and  Obfer. 
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probable  ; but  it  is  only  advanced,  that  thefe  earthy  particles 
are  accidental  and  foreign  to  its  conftitution.  In  fhort,  that 
dephlogifticated  air  can  exift,  and  does  generally  exift,  with- 
out containing  any  earth.  At  lead:,  we  have  no  evident  rea- 
fon  to  fufpedl  the  contrary. 

It  is  true,  that  we  cannot  account  for  the  exigence  of  an 
acid,  viz.  the  nitrous,  in  dephlogifticated  air,  without  giving 
any  ftgns  of  acidity,  or  without  fomething  elfe  being  com- 
bined with  it ; but  this  only  requires  farther  inveftigation,  and 
does  by  no  means  warrant  an  aftertion,  which  is  contrary  to 
many  deciftve  experiments.  It  may  even  be  fuppofed,  that 
dephlogifticated  air  is  a fingle  homogeneous  fubftance,  and 
that  by  the  acceftion  of  fomething  elfe  it  becomes  nitrous 
acid,  rather  than  fuppoling  the-  nitrous  acid  to  be  a ftmple 
fubftance,  and  dephlogifticated  air  a compound  body.  Mr. 
Fontana  is  of  opinion,  that  the  nitrous  acid  is  a ^compound 
of  dephlogifticated  air  and  phlogifton  ^ ; fo  that  when  the 
nitrous  acid  is  added  to  fubftances  which  contain  no  phlo* 
gifton,  in  order  to  obtain  dephlogifticated  air,  the  nitrous  acid 
is  decompofed,  its  phlogifton  combines  with  the  fubftance 
employed,  and  the  dephlogifticated  air  acquires  its  elaftic 
form. — If  we  conftder,  that  by  the  addition  of  the  phlogifton 
of  nitrous  air,  a quantity  of  dephlogifticated  air  may  be 
diminifhed  almoft:  to  nothing,  we  cannot  entertain  any 
difficulty  in  conceiving  that  it  may  be  concentrated,  fo  as  to 

* Journal  de  Phyfique  par  1778.  Experiences  fur  I’Alkali,  &c.  par  Mr. 
I’Abbe  Fontana. 
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form  vifible  fluid  when  combined  with  phlogifton  and 
water.  This  fuppofltion,  viz.  that  the  nitrous  acid  is  a 
compound  of  dephlogiflicated  air  and  phlogifton,  affords  an 
explanation  of  the  redudion  of  certain  metallic  calxes  with- 
out addition,  as  of  the  calx  of  lead  and  of  mercury,  made  by 
diffolving  thofe  metals.  Mr.  Fontana  explains  it  in  the 
following  manner  : — The  nitrous  acid,  v/hen  added  to  thofe 
metals,  deprives  them  of  their  phlogifton^  and  with  it  forms 
nitrous  air.  But  the  metallic  calxes  are  then  combined  with 
part  of  the  nitrous  acid,  and  if  the  acftion  of  Are  upon  them 
is  fufliciently  ftrong  and  continued,  they  will  deco mpofe  that 
- nitrous  acid  which  is  combined  with  them,  fo  that  the  phlo- 
gifton of  it  joining  with  the  calx,  the  dephlogiflicated  air 
affumes  its  elaftic  form,  and  the  metallic  calx  is  revivified 
As  for  the  phenomena  exhibited  by  the  precipitate  per  fe, 
it  may  be,  that  by  long  expofure  to  the  atmofphere,  in  the 
degree  of  heat  that  is  neceffary  for  the  formation  of  that  fub- 
ftance,  it  acquires  from  the  atmofphere  both  the  phlogifton 
and  the  dephlogiflicated  air,  which  may  form  a nitrous  acid, 
&c. — Notwithftanding,  it  muft  be  confeffed  that  we  are,  as 
yet,  much  in  the  dark  refpecfting  the  nature  of  precipitate 
per  fe. 

There  is  a phenomenon  obfervable  in  the  production  of 
dephlogiflicated  air,  which  does  not  appear  to  be  fatisfaClorily 
explained  by  any  theory  hitherto  publifhed.  It  is  the  ir- 
regularity of  the  purity  of  the  air  produced.  A remarkable 
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fa<9:  of  this  kind  is  obfervable  with  common  lime,  which, 
when  mixed  with  nitrous  acid,  and  'cxpofed  to  a proper 
degree  of  heat,  gives  firfl:  dephlogiilicated  air,  then  yields 
air  nearly  of  the  goodnefs  of  common  air,  and  ladly  again 
dephlogidicated  air.  Mr.  Fontana  mentions,  that  if  the 
lime  has  been  flacked  in  the  air,  it  yields  firfl:  dephlogifii- 
cated  and  then  nitrous  air ; and  if  the  lime  has  been  Hacked 
in  water,  it  will  yield  dephlogifticated  air  only.  Fie  alfo 
fays  to  have  met  with  ftill  greater  irregularities  in  the  courfe 
of  his  experiments  on  animal  and  vegetable  fubftances ; but 
that  the  metallic  bodies  feem  to  follow  the  general  laws  with 
more  regularity 

Dr.  Priestley  has  obferved,  that  pipe-clay,  mixed  with 
nitrous  acid,  produces  firft  fixed  air,  then  common  air,  next 
nitrous  air,  then  dephlogifticated  air,  and  laftly  phlogifticated 
air.  This  phenomenon  of  the  produdiion  of  phlogifticated, 
after  the  dephlogifticated  air,  Mr.  Fontana  confiders  as  a 
proof  of  his  theory,  viz,  that  nitrous  acid  confifts  of  dephlo- 
gifticated air  and  phlogifton,  and  that,  when  the  former  is 
produced,  the  latter  is  communicated  to  the  fubftance  em- 
ployed; for,  fays  he,  in  this  experiment  of  Dr.  Priestley, 
the  nitrous  acid  that  is  decompofed  during  the  production  of 
dephlogifticated  air,  depofits  its  phlogifton  upon  the  clay,  but 
w’hen  the  clay  cannot  abforb  any  more  phlogifton,  then  the 
next  dephlogifticated  air  that  is  produced,  abforbs  that  phlo- 

* Recherches  Phyfiques  fur  Fair  dephlogiftique. 
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gifton,  and  becomes  phlogiflicated  But  I own  that,  ac- 
cording to  Mr.  Fontana’s  theory,  I cannot  conceive  how,  in 
this  experiment,  the  nitrous  acid  could  be  decompofed,  when 
the  calcareous  earth  is  no  longer  capable  of  abforbing  its 
phlogifton.  This  obfervation  is  alfo  applicable  to  Mr. 
Scheele’s  experiment  of  producing  dephlogiBicated  air  out 
of  nitrous  acid  alone. 

In  regard  to  the  properties  of  dephlogifticated  air,  it  may  be 
faid  in  general,  that  it  has  all  the  properties  of  common  air,  but 
in  a more  eminent  degree,  viz.  it  aflifts  animal  refpiration 
and  combuflion,  not  only  better,  but  conliderably  longer 
than  an  equal  quantity  of  common  air ; it  is  diminifhed  by 
nitrous  air,  and  by  phlogiftic  procelTes,  much  more  than  com- 
mon air  is,  &c. ; but,  as  this  rule  is  not  quite  general,  viz. 
applicable  to  every  one  of  their  properties,  and  as  the  variety 
of  phenomena  are  not  only  ftriking  to  the  obferver,  but  par- 
ticularly interefting,  it  is  neceflary  to  take  notice  of  feveral  of 
them  fingly. 

This  fluid,  permanently  elaflic  and  invifible,  like  common 
air,  has  been  found  to  be  fpecifically  heavier  than  common 
air;  though  the  difference  is  not  great.  Dr.  Priestley 
finds  its  fpecific  gravity  to  be  to  that  of  common  air  as  187 
to  i85f;  and,  according  to  Mr.  Fontana,  as  160  to  152 

* Recherches  Phyfiques  fur  I’air  dephlogiftique. 

Exper.  and  Obfer.  p.  94. 

J The  methods  ufed  by  Dr.  Priestley  and  by  Mr.  Fontana  have  been 
defcribed  in  the  preceding  Chapter. 

When 
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When  dephlogifticated  air  is  to  be  weighed,  care  fhould  be  had 
firft  to  free  it  very  accurately  from  any  mixture  of  fixed  air. 

When  a lighted  candle  is  introduced  into  a phial  con- 
taining dephlogifticated  air,  its  flame  not  only  grows  larger, 
but  becomes  exceedingly  bright.  When  the  dephlogifticated 
air  is  very  pure,  the  candle  burns  with  a crackling  noife,  as  if 
the  air  contained  fome  combuftible  matter,  and  waftes  the 
wax  or  tallow  furprifingly  faft.  The  heat  of  the  flame  is 
alfo  very  intenfe.  But  the  beft  method  to  obferve  its  in- 
tenfity  is  the  following  : — Fill  a bladder  with  dephlogifti- 
cated air,  then  faften  a glafs  tube  to  the  neck  of  the  bladder. 
The  outward  aperture  of  this  tube  muft  be  drawn  to  a fine 
point,  like  that  of  an  ordinary  blow-pipe.  Then  holding  the 
extremity  of  the  tube  near  the  flame  of  a large  candle,,  or  of 
a lamp,  prefs  the  bladder,  fo  as  to  force  the  dephlogifticated 
air  out  through  the  fmall  aperture  of  the  tube,  which  will 
drive  the  flame  of  the  candle  into  an  horizontal  direction, 
augmenting  its  force  prodigioufly ; fo  that  if  fmall  bits  of  any 
metal  held  upon  a piece  of  charcoal,  or  upon  a piece  of  a 
broken  crucible,  be  prefented  to  the  apex  of  that  flame,  they 
are  prefently  melted.  Even  grains  of  platina  are  melted  by 
thefe  means.  Nothing,”  fays  Dr,  Priestley,  “ would 
“ be  eafier  than  to  augment  the  force  of  fire  to  a prodigious 
“ degree,  by  blowing  it  with  dephlogifticated  air  inftead  of 
“ common  air.  This  I have  tried,  in  prefence  of  my  friend 
“ Mr.  Magellan,  by  filling  a bladder  with  it,  and  puffing 
“ it,  through  a fmall  glafs-tube,  upon  a piece  of  lighted 
3 ‘‘  wood 
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“ wood  ; but  it  would  be  very  eafy  to  fupply  a pair  of 
“ bellows  with  it  from  a large  refervoir. 

“ Poflibly  much  greater  things  might  be  effeded  by 
“ chymids,  in  a variety  of  refpeds,  with  the  prodigious  heat 
“ which  this  air  may  be  the  means  of  affording  them 

When  dephlogifticated  air  is  mixed  with  inflammable  air, 
and  the  flame  of  a candle  is  approached  to  the  mixture,  or 
an  eledVric  fpark  is  fent  through  it ; the  inflammable  air  ex- 
plodes with  a much  greater  report  than  when  it  is  mixed 
with  common  inftead  of  dephlogifticated  air.  If  an  ounce 
glafs  phial  (which  for  this  experiment  fhould  be  very  ftrong) 
is  filled  with  a little  more  than  one  third  of  dephlogifticated 
and  the  reft;  inflammable  air,  and  the  flame  of  a candle  is 
prefented  to  its  mouth,  it  will  explode  nearly  as  loud  as  a 
fmall  piftol,  the  report  being  incomparably  greater  than  when 
the  fame  phial  is  filled  with  common  and  inflammable  air  in 
the  beft;  proportion. 

It  is  very  clear  that  dephlogifticated  air  muft  promote  all 
phlogiftic  procefles  much  better  than  common  air,  fince  they 
all  depend  upon  the  very  fame  principle,  namely,  the  fuperior 
power  of  this  fort  of  elaftic  fluid  to  imbibe  the  inflammable 
principle.  “ I put,”  fays  Dr,  Priestley,  ‘‘  a quantity  of 
“ Mr.  Bewly’s  pyrophorus  into  one  of  the  fmall  jars  f which 

I ufe 

* Exper.  and  Obfer.  vol.  ii.  p.  lOO. 

-j-  Mr.  Bewly  prepares  this  pyrophorus  in  the  following  manner  : — “ I fill.” 
fays  he,  “ half  or  t’  ree  fourths  of  the  bowl  of  a tobacco-pipe  with  a mixture, 
“ cenfifting  of  two  parts  of  alum,  previoufly  calcined  in  a red-heat,  and  of 
“ powdered  charcoal  and  fait  of  tartar  each  one  part  j prelTing  the  matter  down 

‘‘  nightly 
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I ufe  for  experiments  on  air  in  quickiilver;  then,  filling  up 
“ the  veflel  with  quickfilver,  I inverted  it  in  a balm  of  the 
“ fame,  and  threw  up  dephlogifticated  air  at  different  times. 
“ It  always  occafioncd  a fudden  and  vehement  accenfion,  like 
“ the  flafiiing  of  gunpowder,  and  the  air  was  greatly  di- 
“ minifhed,  as  might  have  been  forefeen 

As  the  dephlogifticated  air  aftifts  all  phlogiftic  proceffes 
much  better,  fo  it  is  thereby  much  more  diminiftied  than 
common  air.  Indeed  fometimes  it  is  reduced  into  fo  fmall  a 
fpace,  that  is  really  furprifing.  When  the  dephlogifticated 
air  is  very  pure,  if  to  two  meafures  of  it  be  added  two  mea- 
fares  of  nitrous  air,  the  whole  of  this  mixture,  viz.  all  the 
four  meafures,  will  be  reduced  into  a fpace  equal  to  about  one 
meafure ; which  confifts  of  fixed  air  and  phlogifticated  air, 

“ (lightly,  and  filling  the  remainder  of  the  bowl  with  fine  fand.  As  foon  as  the 
“ powder  becomes  hot,  the  fand  lying  over  it  is  put  into  a (late  of  ebullition, 
“ which  generally  continues  feveral  minutes.  This  appearance  feems  to  pro- 
ceed  partly  from  the  vitriolic  acid  in  the  alum  leaving  its  earth,  and  expelling 
fixed  air  from  the  alkali;  while  another  part  of  it  is  poflibly  converted  into 
'vitriolic  acid  air.  This  phenomenon  is  fucceeded  by  the  appearance  of  a 
blue  fulphureous  flame,  proceeding  from  the  combination  of  the  fame  acid 
“ with  the  pblcgifton  of  the  coal,  and  which  continues  about  ten  minutes  or  a 
quarter  of  an  hour.  After  it  ceafes,  no  other  remarkable  appearance  prefents 
“ itfelf.  The  matter  is  now  to  be  kept  in  a red-heat  twenty  minutes  or  half  art 
hour;  or  it  may  continue  there  two  hours  longer,  if  the  operator  pleafes,  with- 
“ out  any  injury  to  the  pyrophorus.  The  pipe  being  taken  out  of  the  fire,  the 
“ matter  is  knocked  out  of  it  as  foon  as  it  becomes  cool,  and  generally,  pretty 
foon  afterwards,  takes  fire  fpontaneoufly.”  See  the  Appendix  to  the  3d 
vol.  of  Exper.  and  Obfer. 

• Exper.  and  Obfer,  vol.  iv.  p.  261,' 
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The  quantity  of  fixed  air,  produced  by  the  diminution  of  de- 
phlogifticated  with  nitrous  air,  is  greater  than  that  produced 
when  common  air  is  diminifhed  by  nitrous  air.  The  phlo- 
gifliicated  air  arifing  from  dephlogifticated  air  diminifhed  by 
nitrous  air,  when  feparated  from  the  fixed  air  (like  that  arifing 
from  the  diminution  of  common  with  nitrous  air)  is  fpe- 
eifically  lighter  than  common  air,  and  confequently  than  de- 
phlogifticated air. 

In  order  to  form  a juft  idea  of  the  comparative  purity  between 
dephlogifticated  and  common'  air,  the  reader  muft  recolledf,. 
that  if  nitrous  air  be  gradually  added  to  common  air,  the 
whole  will  be  diminifhed,  but  the  diminudon  will  be  greateft: 
at  firft,  and  will  afterwards  gradually  diminifh  till  it  vanilhes. 
Thus,  for  inftance,  if  to  two  meafures  of  common  air  half  a 
meafure  of  nitrous  air  be  added,  the  whole  will  be  diminifhed 
into  about  il-  meafure  ; fo  that  out  of  24-  of  elaftic  fluid,, 
one  meafure  has  been  loft ; and  if  to  this  mixt  and  di- 
minifhed quantity  another  half  meafure  of  nitrous  air  be 
added,  the  original  three  meafures  of  elaftic  fluid  will  be  re- 
duced to  about  two  meafures,  which  is  equal  to  the  quantity 
of  common  air  ufed  ; fo  that  this  quantity  of  common  air 
♦ has  taken  up  two  half  meafures,  viz.  a quantity  equal  to  half 
its  bulk  of  nitrous  air,  before  the  whole  mixt  and  diminifhed 
quantity  amounted  to  its  own  original  bulk.  Now,  if  a quan- 
tity of  another  fpecimen  of  refpirable  air  takes  up  an  equal 
quantity  of  nitrous  air,  before  the  whole  diminiflaed  quantity 
occupies  a fpace  equal  to  that  occupied  by  the  relpirable  air, 

before 
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before  it  was  mixed  with  the  nitrous  air,  then  this  air  is 
confidered  to  be  twice  as  good  as  common  air,  becaufe  this 
fpecimen  of  refpirable  elaftic  fluid  requires  twice  as  much 
nitrous  air  as  common  air  does,  in  order  to  fill  up  its  original 
fpace.  If  a fpecimen  of  air  requires  three  times  as  much 
nitrous  air  as  common  air  does,  before  it  makes  up  the  bulk 
it  had  before,  then  it  is  faid  that  this  air  is  thrice  as  good  as 
common  air.  Thus,  fuppofe  that  by  the  tafte  of  nitrous  air, 
after  the  manner  deferibed  in  the  Vlth  Chapter  of  the  pre- 
ceding Part,  common  air  at  a mean  gives  II,  I,  2.  and  a 
fpecimen  of  dephlogifticated  air  gives  II,  I,  1,5.  II,  II,  1,8. 
II,  in,  2.  then  it  is  faid  that  the  latter  is  three  times  as  good 
as  the  former. 

Here  it  is  not  meant,  that  if  more  nitrous  air  is  afterwards 
added  to  thofe  fpecies  of  air,  no  farther  diminution  will  arife; 
but  only,  that  in  this  cafe  the  whole  bulk  of  refpirable  and 
nitrous  air  would  amount  to  more  than  the  original  bulk  of 
the  refpirable  air  only. 

Although  the  name  of  dephlogifticated  air  has  been  given 
to  all  forts  of  elaftic  fluid,  which  aflift  refpiration  and  the 
other  phlogiftic  procelTes  better  than  common  air,  yet  the 
reader  muft  have  obferved,  that  fome  fpecimens  of  dephlo- 
gifticated air  are  much  purer  than  others,  and  that  the  dif- 
ference among  fome  of  them  is  very  great ; hence  the  cfledls 
of  this  permanently  elaftic  fluid  are  fubje6t  to  great  variation, 
and  muft  be  alway  eftimated  from  the  degree  of  purity  of  the 
dephlogifticated  air  employed.'  The  purity  of  the  dephlo- 
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gifticated  air  that  is  corhmonly  obtained  in  the  greatefl:  number 
of  the  procefTes  mentioned  above,  is  moftly  fuch,  that  when 
one  meafure  of  it  is  mixed  with  two  meafures  of  nitrous  air, 
the  whole  takes  up  the  fpace  of  about  three  quarters  of  a 
meafure  ; but  in  conduding  feveral  of  thofe'  experiments, 
efpecially  in  obtaining  dephlogifticated  air  from  nitre, 
if  care  be  had  to  ufe  proper  clean  veffels,  wherein  nothing 
containing  phlogifton  might  be  fufpeded,  &c.  the  air  ob- 
tained is  much  purer,  efpecially  that  produced  in  fome 
period  of  the  procefs  The'  pureft  air  that,  as  far  as  I 
know,  has  been  hitherto  obtained,  is  that  mentioned  by  Dr. 
Priestley,  in  his  4th  vol.  of  Exper.  and  Obfer.  fed.  xxv. 
It  was  produced  by  a folution  of  mercury  in  fpirit  of  nitre, 
diftilled  with  a glafs  retort  in  a fand-heat -f* **  This  dephlo- 
gifticated  air  was  fo  pure,  that  one  meafure  of  it  being  mixed 
with  two  meafures  of  fome  nitrous  air,  that  had  been  pro- 
duced in  the  firfl:  part  of  the  fame  procefs,  the  whole,  after 
the  diminution  was  over,  occupied  the  fpace  of  three  hun- 
dredth parts  of  a meafure.  “ Repeating,”  fays  he^  ‘‘  the 
“ experiment,  I found  that  two  meafures  of  nitrous  air  were 
“ rather  more  than  fufficient  to  faturate  one  meafure  of  the  de- 

* The  turbid  or  clear  appearance  of  the  dephlogifticated  air,  when  juft  pro- 
. duced,  in  different  periods  of  the  fame  procefs,  is  no  fure  fign  of  its  purity  ; 
fince  fometimes  the  more  turbid,  and  fometimes  the  moft  tranfparent,  is  the 
pureft. 

f The  Do6lor  remarks,  that  this  folution  had  been  kept  for  feveral  months 
in  a phial  with  a ground  ftopper. 
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* phlogifticated  air  ; fo  that,  pofTibly,  had  the  former  ex- 
‘ periment  been  made  with  more  circumfpedion,  the  dimi- 
‘ nution,  extraordinary  as  it  was,  would  have  been  fomewhat 
‘ greater.  Indeed  it  cannot  be  fuppofed,  that  exaBly  twa 
‘ meafures  of  nitrous  air  fhould  be  the  precife  quantity  that 
^ would  produce  the  greateft  diminution.  It  fhould  alfo  be 
‘ confidered,  that  a fmall  portion  of  air  might  be  yielded  by 
‘ the  water  in  which  the  experiment  was  made. 

Upon  the  whole,  therefore,  I am  inclined  to  think,  that, 

‘ w’ere  it  pofTible  to  make  both  the  nitrous  and  dephlogifli- 
‘ catjd  air  in  the  greatefl:  purity,  and  then  to  mix  them  in 
‘ fome  exadl  proportion,  the  aerial  form  of  them  both  would 
‘ be  entirely  deftroyed,  the  whole  quantity  feeming  to  dif- 
‘ appear,  as  in  the  mixture  of  alkaline  and  acid  air.  But 
‘ whereas  a white  faline  fubftance  is  the  immediate  vifible 
‘ refult  of  this  mixture,  there  is  no  vifible  produce  from 

* the  other,  the  whole,  whatever  it  be,  being  diflblved  in 
‘ the  water. 

When  dephlogifticated  air  is  kept  in  contadt  with  fub- 
fiances  that  contain  phlogiflon,  and  do  eafily  part  with  that 
principle,  it  lofes  its  degree  of  purity  in  a very  fhort  time. 
Dr.  Priestley  having  introduced  a confiderable  quantity 
of  very  dry  clean  nails  into  a receiver  full  of  dephlogifticated 
air,  and  inverted  in  qiiickfilver,.  found  that,  about  nine  months 
after,  one  tenth  of  the  whole  quantity  of  air  had  difappeared, 
though  he  could  not  perceive  any  ruft  upon  the  nails ; which 
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(hews  that  pure  air  has  fuch  an  affinity  with  phlogifton  as  to 
deprive  fome  metals  of  it  very  eafily. 

In  the  preceding  pages  we  took  notice  of  the  dephlogifti- 
cated  air  obtained  from  water,  and  likewife  obferved,  that  by 
means  of  diftilled  or  boiled  water,  common  air  may  be 
changed  into  dephlogifticated  air,  or  rather,  the  pureft  part  of 
it  may  be  feparated  from  that  which  is  more*  impure.  But 
here  it  is  neceffary  to  mention  fome  other  particulars  relating 
to  the  effeiSts  of  water  on  dephlogifticated  air,  which,  in  ge- 
neral, are  not  like  thofe  produced  by  water  on  common  air. 
Dr.  Priestley  having  once  made  a large  refervoir  ot  dephlo- 
gifticated air,  found  that  by  ftanding  in  pure  water  for  about 
ten  days,  from  being  4t,  it  had  become  51  better  than  com- 
mon air  In  another  place.  Dr.  Priestley  mentions,  that 
having  let  fome  boiled'  water  imbibe  a quantity  of  dephlo- 
gifticated air.  and  about  a fortnight  after  having  expelled  the 
dephloglfticpied  air  from  the  faid  water,  found  it  a little 
improved  f. 

Mr.  Fontana,  afterts,  that  water-in  general  abforbs  about 
twice  as  much  of  dephlogifticated  as  of  common  air.  “ Ac- 
“ fays  hey  “ I have  found  that  the  water  of  the 

Seine,  at  Paris,  after  it  has  been  boiled  for  a long  time, 
abforbs  in  forty  days  about  one  fourteenth  of  its  own  bulk 
of  dephlogifticated  air,  when  in  the  fame  length  of  time  it 

* Exper.  and  Oferv.  vol.  96. 

t Ibid.  vol.  iv.  p.  353. 
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“ does  not  abforb  more  than  one  twenty-eighth  of  common 
“ air 

Mr.  Fontana  has  alfo  obferved  a remarkable  difference 
between  the  refults  arifing  from  the  agitation  of  common  air 
in  water,  and  of  dephlogifticated  air  in  water;  the  former 
being  by  that  means  generally  increafed  in  bulk  till  a certain 
degree,  and  afterwards  diminifhed  ; whereas  the  latter 
begins  to  be  diminifhed  even  from  the  very  beginning  of  the 
operation,  “ This  laft- mentioned  property,”  fays  he,  “ of 
“ the  dephlogifticated  air  feems  to  fhew,  that  this  is  a ffuid 

much  different  from  common  air,  becaufe  it  has  its  peculiar 
“ properties,  by  which  it  differs  from  common  air,  .not  from 
“ more  to  lefs  only,  but  intirely ; as  is  fhewn  by  the  property 

this  fluid  has  of  being  abforbed  by  water  ; whereas  com^- . 
“ men  air  receives  an  increafe  of  bulk  and  elaflicity  by 
“ being  fliaken  in  water  T*’’ 

The  greateft  ufe  to  which  this  d’ephlogiflicated  air  might 
be  applied,  is  for  difeafes  of  the  lungs ; which  are  juftly 
reckoned  among  the  moft  ftubborn  difeafes  that  afflidt  man- 
kind. Perfons  affeded  with  thofe  diforders  are  often  con- 
veyed into  diftant  places,  in  fpite  of  any  trouble  and  expence, 
for  the  fake  of  breathing  a kind  of  air,  which  at  moft  is  very 
little  better  than  the  air  of  their  adual  dwelling-place  j 
whereas,  by  ufing  this  artificial  air,  they  might  fave  the 
manifold  inconveniences  of  travelling,  &g.  and  would 


• Phil.  Tranf.  vol.  Ixix.  p.  439. 
t Ibid.  p.  444, 
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breathe  an  elaftic  fluid  incomparably  better  than  the  air  of 
any  country  upon  earth.  From  the  unanimous  obfervations 
of  thofe  philofophers,  who  have  breathed  dephlogifticated  air 
for  curioflty’s  fake,  it  appears  that  the  feeling  of  this  elaftic 
fluid  to  the  lungs  was  not  fenflbly  different  from  that  of 
common  air,  but  that  they  all  felt,  or  at  lead  fancied  to  have 
felt,  their  breads  peculiarly  eafy  and  light  for  fome  time  after 
the  experiment,  “ From  the  greater  ftrength,”  fays  Dr, 
Priestley,  and  vivacity  of  the  flame  of  a candle,  in  this 
V pure  air,  it  may  be  conjectured,  that  it  might  be  peculiarly 
falutary  to  the  lungs  in  certain  morbid  cafes,  when  the 
common  air  w'ould  not  be  fuflicient  to  carry  ofl'  the  phlo- 
“ giftic  putrid  effluvium  faft  enough.  But,  perhaps,  we 
may  alfo  infer  from  thefe  experiments,  that  though  pure 
dephlogifticated  air  might  be  very  ufeful  as  a medkbie^  it 
might  not  be  fo  proper  for  us  in  the  ufual  healthy  ftate  of 
the  body  : for,  as  a candle,  burns  out  much  fafter  in  de- 
phlogifticated  than  in  common  air,  fo  we  might,  as  may 
be  faid,  live  out  too  fajl^  and  the  animal  powers  be  too  foon 
exhaufted  in  this  pure  kind  of  air 

The  greateft  objection  relating  to  the  ufe  of  dephlogifti- 
cated air  in  phyflcal  cafes,  is  the  difflculty  of  obtaining  a 
confiderable  quantity  of  it,  and  the  want  of  an  eafy  method 
of  adminiftering  it.  But  this  objection,  great  as  it  may  feem, 
will  be  found  to  be  not  unfurmountable;  and  in  the  following 
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pages  it  will  appear,  that  the  procuring  and  adminiftering  this 
pure  refpirable  air  is  far  from  being  impracticable,  and  requires 
no  great  expcnces.  I beg  here,  therefore,  the  reader’s  at-  • 
tentive  confideration,  this  being  an  interefting  fubjeCt. 

The  cheapefl  known  way  to  get  a large  quantity  of  de- 
phlogifticated  air,  is  by  means  of  nitre.  The  price  of  this  fait, 
in  London,  is  at  prefent  eighteen  pence  per  pound  ; and  by 
heat  only,  it  yields  dephlogifticated  air  at  the  rate  of  feven 
or  eight  hundred  cubic  inches  per  ounce,  or,  at  a medium, 
12,000  cubic  inches  pound. 

Suppoflng  that  the  dephlogifticated  air  obtained  from 
nitre  is  four  times  purer  than  common  air,‘  it  follows  that 
an  animal  can  breathe  it  four  times  as  long  as  an  equal  quan- 
tity of  common  air  ; which  fuppofttion,  as  appears  from 
actual  experiments,  is  rather  lefs  than  above  the  ufual  re-* 
fult ; fome  animals  having  lived  fix,  and  even  more,  times 
longer  in  dephlogifticated  air,  extracted  from  nitre,  than  in 
an  equal  quantity  of  common  air. 

It  has  already  been  obferved,  that  by  the  aCt  of  refpira- 
tion,  a quantity  of  fixed  air  is  formed  (whether  it  originates 
from  the  body,  or  from  a combination  of  the  phlogifton 
with  the  refpirable  air,  or  otherwife)  and  the  air  in  which 
an  animal  is  confined,  becomes  noxious  principally  becaufe 
fome  fixed  air  is  formed  and  mixed  with  it ; fo  that  if,  by 
means  of  lime-water,  that  fixed  air  be  feparated  from  it  as 
foon  as  it  is  formed,  the  animal  would  live  longer  in  it  than 
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otherwife.  Now  Mr.  Fontana  has  found  (as  is  related 
by  Dr.  Ingenhousz  and  as  I remember  myfelf  to  have 
heard  him  fay)  that  an  animal  confined  in  a quantity  of 
dephlogifiicated  air,  will  live  about  thirty  times  longer  in  it, 
when  the  receiver,  containing  the  dephlogifiicated  2\v^fiands 
in  lime-water^  than  when  it  fiands  in  common  water,  becaufe 
the  lime-water  abforbs  the  fixed  air  very  readily. 

A man  makes  in  general  about  fifteen  infpirations  in  a mi^ 
nute,  and  takes  in  about  thirty  cubic  inches  of  air.  But  the 
air  that  has  been  once  infpired  is  not  thereby  much  injured, 
and  it  may  be  infpired  again  and  again  ; fo  that  upon  a- very 
moderate  calculation,  and  as  appears  from  adfual  experi- 
ments often  repeated,  we  may  fafely  afiert,  that  a perfon 
can  breathe  400  cubic  inches  of  good  ordinary  atmofpheric 
air  at  leafi  thirty  times,  without  the  leafi  inconvenience, 
i.  e.  it  would  ferve  for  two  minutes  ; after  which,  that  air, 
though  much  depraved,  is  fiill  in  a fiate  of  being  breathed', 
but  then  it  would  begin  to  occafion  fome  uneafinefs.  Now, 
according  to  the  fjppofition  mentioned  above,  an  animal  can 
breathe  dephlogifiicated  air  four  times  as  long  as  an  equal 
quantity  of  common  air  ; therefore  400  cubic  inches  of  de- 
phlogifiicated air  can  ferve  at  leafi  for  120  infpirations,  or  for 
eight  minutes.  But,  according  to  Mr.  Fontana,  when  the 
dephlogifiicated  air  is  in  contadl  with  lime-water,  it  will 
ferve  thirty  times  as  long  as  otherwife  ; therefore  in  this  cafe 
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400  cubic  inches  of  dephlogifticated  air  may  be  breathed  for 
four  hours,  and  12, coo  cubic  inches  of  that  elaftic  fluid, 
which  is  the  quantity  ordinarily  obtained  from  one  pound  of 
nitre,  may  be  breathed  for  120  hours.  But,  upon  the  fup- 
pofltion  that  thirty  cubic  inches  of  common  air,  taken  into 
the  lungs  in  an  ordinary  infpiration,  are  compleatly  phlo- 
gifticated  by  a Angle  infpiration,  fo  as  not  to  be  ufeful  after- 
wards ; and  alfo  fuppoAng,  that  by  the  contadb  of  lime- 
water,  dephlogifticated  air  is  rendered  capable  of  being 
breathed  only  ten  times  longer  than  otherwife ; the  calcula- 
tion would  be  as  follows  : — 27,000  cubic  inches  of  common 
air  are  nccefTary  to  one  perfon  for  one  hour  \ therefore  the 
fame  quantity  of  dephlogifticated  air  will  ferve  to  the  fame, 
perfon  for  four  hours,  when  not  in  contadl  with  lime-water, 
but  by  uAng  the  lime-water,  it  will  ferve  forty  hours.  Con- 
fequently,  12,000  cubic  inches  of  dephlogifticated  air  (or 
the  produce  of  one  pound  of  nitre)  will  ferve  to  one  perfon 
for  eighteen  hours,  nearly.  So  that  by  employing  one  pound 
of  nitre,  a per  Ion  may  have  dephlogifticated  air  for  more 
than  one  day,  Ance  it  can  hardly  be  fuppofed  that  he  would 
breathe  it  in  the  time  of  fleep.  Perhaps  the  ufe  of  this  pure 
air  for  a fliort  time,  for  inftance,  one  or  two  hours  every  day, 
or  even  lefs,  may  be  of  great  ufe,  and  may  even  be  thought 
fufficient  for  fome  difeafes  *. 

I do 

* “ It  is  pleafing,  however,  to  obferve,  how  readily  and  perfedbly  dephlogifti- 
y catcd  air  mixes  with  phlogifticated  air,  or  air  injured  by  refpiration,  putre- 
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I do  not  know  that  any  fair  trial  has  been  hitherto  made 
of  this  application,  in  cafe  of  difeafes  of  the  lungs.  It  feem, 
to  be  a very  promiiing  remedy  ; but,  as  the  philofophical  pro- 
perties of  refpirable  air  in  general,  and  the  effects  of  refpira- 
tion  on  it,  have  been  already  mentioned,  I fhall  leave  the 
farther  conbderation  of  it  to  phyflcians,  and  fl:iall  pafs  to 
defcribe  the  pradical  eafy  method  of  producing  and  admi- 
niftering  this  fort  of  permanently  elaflic  fluid. 

The  inftruments  neceflary  for  the  production  of  dephlo- 
giflicated  air  from  nitre,  are  the  following  ; viz.  Earthen  re- 

* I 

y fadion,  &c.  each  tempering  the  other;  fo  that  the  purity  of  the  mixture  may 
“ be  accurately  known  from  the  quantity  and  quality  of  the  two  kinds  of  air 
“ before  mixture.  Thus,  if  one  meafure  of  perfectly  noxious  air  be  put  to  one 
“ meafure  of  air  that  is  exaflly  twice  as  good  as  common  air,  the  mixture  will 
‘‘  be  precifely  of  the  ftandard  of  common  air. 

“ I obferved  alfo,  in  making  this  experiment,  that  after  mixing  one  meafure 
“ of  each  of  thefe  kinds  of  air,  they  made  exadly  two  meafures  ; fo  that  there 
was  neither  any  increafe  nor  diminution  of  .quantity  in  confequence  of  the 
“ mixture,  as  is  the  effedt  of  mixing  nitrous  air  with  either  common  or  de- 
‘‘  phlogifticated  air. 

, “ It  may  hence  be  inferred,  that  a quantity  of  very  pure  air  would  agreeably 
“ qualify  the  noxious  air  of  a room  in  which  much  company  fliould  be  confin- 
“ ed,  and  which  fhould  be  fo  fituated,  that  it  could  not  be  conveniently  ven- 
“ tilated  ; fo  that  from  being  oftenfive  and  unwholefome,  it  would  almoft  in- 
“ ftantly  becom.e  fweet  and  wholefome.  This  air  might  be  brought  into  the 
room  in  cafks,  or  a laboratory  might  be  conftrudled  for  generating  the  air, 
“ and  throwing  it  into  the  room,  as  faft  as  it  fliould  be  produced.”  Priest- 
ley’s Exper.  and  Obfer.  vol.  ii.  p.  97. 

For  this  purpofe  of  purifying  the  unventilated  air  of  a room,  one  or  more 
tubs  of  lime-water  might  alfo  be  added. 
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torts,  or  earthen  veffels  with  a ftreight  neck,  fomewhat  in 
the  fhape  of  Florence  flafks,  but  with  a longer  neck  ; thefe 
being  cheaper  than  the  retorts,  arid  anfwering  as  well  : — A 
fmall  furnace,  in  which  the  earthen  retort  mufl;  be  kept  red 
hot.  A common  chimney  fire  is  not  fufiicient.  Thefe  fur- 
naces may  be  very  eafily  made  out  of  large  black-lead  cru- 
cibles.— The  nitre  mufl;  be  put  into  the  retort,  or  other  veflel, 
fo  as  to  fill  half,  or  nearly  three  quarters  of  its  belly  ; then  a 
bent  glafs  tube  is  luted  to  the  neck  of  the  earthen  veflel,  in 
fuch  manner  as  not  to  let  any  elaftic  fluid  efcape  into  the 
open  air.  The  beft  lute,  or  cement,  for  this  and  fimilar 
purpofes,  is  made  by  mixing  together  whiting  and  drying 
oil. — The  retort  being  put  into  the  furnace,  mufl:  be  fur- 
rounded  with  lighted  charcoal,  which  mufl;  be  fupplied  accord- 
ing as  it  wafles : in  fhort,  the  belly  of  the  retort  mufl  be  kept 
quite  red  hot,  or  rather  white  hot,  for  about  three  hours  at 
leafl.  If,  inflead  of  the  retort,  the  other  deferibed  earthen 
veflel  be  ufed,  care  fhould  be  had  to  place  it  with  the  neck 
as  little  inclined  to  the  horizon  as  poffible,  lefl  the  nitre 
fhould  flop  the  neck  of  it,  and  break  the  veflTel.  A tub  of 
water,  with  a fhelf  as  already  deferibed,  being  placed  pretty 
near  the  furnace,  the  extremity  of  the  glafs  tube,  that  is 
cemented  to  the  retort,  mufl  be  immerfed  into  the  water  of 
the  tub,  fo  that  the  dephlogiflicated  air  that  efcapes  from  it 
may  be  received  into  large  glafs  jars,  filled  with  and  inverted 
in  the  water  of  the  tub. 
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The  retort,  or  other  earthen  veflel  that  is  ufed  for  this  pur- 
•pofe,  cannot  ferve  for  more  than  once,  becaufe  it  generally 
breaks  in  cooling,  and  befides,  the  decompofed  nitre  cannot 
be  ealily  taken  out  of  it.  The  retort  capable  of  holding  a 
pound  of  nitre  for  this  operation,  cofts  at  lead;  half-a-crown ; 
the  other  earthen  veffels,  in  the  fhape  of  Florence  flafks,  but 
with  longer  necks,  cod:  about  eighteen  pence  apiece,  or  two 
{hillings  ; fo  that  the  price  of  thefe  vedels  forms  a condder- 
able  part  of  the  expence.  If  glafs  vedels  are  employed,  the 
nitre  will  not  yield  near  fo  much  air,  though  of  a purer* 
fort,  becaufe  the  glafs  vedels  cannot  endure  fo  great  a dre  as 
the  earthen  ones.  ‘ The  retorts  of  metal,  or  at  lead  of  thofe 
metals  which  are  ufually  employed  for  fuch  purpofes,  as  iron 
and  copper,  phlogidicate,  in  great  meafure,  the  dephlogidi- 
cated  air  as  foon  as  it  is  produced.  So  that  earthen  vedels 
are,  upon  the  whole,  the  mod  proper  for  this  purpofe. 
Conddering,  then,  all  thefe  circumdances,  it  appears  that 
when  a perfon  has  the  ufual  apparatus  and  furnace,  the  ex- 
pences  at  prefent  necedary  in  London  for  the  produdlion  of 
12,000  cubic  inches  of  dephlogidicated  air  (viz.  the  price  of 
one  pound  of  nitre,  of  an  earthen  retort  or  other  vefTel,  and 
of  charcoal)  amount  to  about  four  (hillings,  or  four  (hillings 
and  dx  pence. 

The  mod  proper  manner  of  udng  the  dephlogidicated  air 
for  rtfpiration  is  the  following  : — A glafs  cylinder  with  two 
open  necks,  fuch  as  are  ufed  for  eledfrical  machines,  mud 
be  furnhhed  with  a leathern  pipe  of  about  two  feet  long, 
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and  one  inch  in  diameter,  terminating  in  a glafs  or  ivory 
tube  about  three  inches  long,  and  half  an  inch  in  dia- 
meter. This  leather  pipe  is  tied  very  faft  to  one  of  the  necks 
of  the  glafs  cylinder ; to  the  other  neck  a firing  is 
faftened,  having  a leaden  weight  of  about  one  pound  at  its 
extremity.  The  length  of  this  firing  muft  be  fuch,  as  that 
when  the  cylinder  full  pf  air  is  put  into  the  water  of  the  tub,, 
and  the  leaden  weight  is  let  down  to  the  bottom  of  the  tub, 
the  neck  of  the  cylinder,  to  which  the  firing  is  faftened, 
might  be  kept  about  two  inches  below  the  furface  of  the 
water,  and  thus  might  be  prevented  riftng  above  it.  The 
ftze  of  the  cylindrical  glafs  veflel  (hould  be  capable  of  hold- 
ing a quantity  of  dephlogifticated  air  fufficient  for  the  pur- 
pofe  intended.  It  fhould  be  at  leaft  eight  inches  in  di- 
ameter, and  12  or  14  inches  long  exclufive  of  the  necks. 
It  is  better  to  have  it  too  large  than  too  fmall,  ftnce  a large 
one  may  contain  any  fmall  quantity  of  air,  whereas  a fmall 
one  cannot  contain  a large  quantity  of  it. 

A cylindrical  glafs  veffel,  See.  being  thus  prepared,  the  leather 
pipe  muft  be  tied  nearly  in  the  middle  with  a firing,  fo  as  to 
clofe  its  variety ; then  the  veftel  being  quite  filled  with  water, 
and  inverted  into  the  tub,  the  dephlogifticated  air  is  thrown  into 
it  through  that  neck  to  which  the  firing  with  the  leaden  weight 
is  tied,  after  the  ufual  manner.  Care  only  fliould  be  taken  tO' 
leave  one  or  two  inches  of  water  in  the  cylinder  ; that  is,  not 
to  fill-it  quite  with  air.  Then  the  cylinder,  ready  for  ufe,  may 
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be  left  to  fwim  in  the  water  of  the  tub,  without'any  fear  of 
the  air  efcaping  from  it,  fince  the  firing  with  the  leaden 
weight  keeps  its  aperture  below  the  furface  of  the  water. 
Two  or  three  largifli  lumps  of  quick-lime'  mufi:  be  intro- 
duced into  this  cylinder,  which  will  abforb  the  fixed  air 
formed  in  the  act  of  refpiraticn.  Now,  in  order  to  breathe 
the  dephlogiflicated  air,  the  patient,  having  firft  made  a na- 
tural expiration,  mufl:  hold  in  his  mouth  the  glafs  or  ivory 
tube  faflened  to  the  end  of  the  leather  pipe,  and  immediately 
after  the  operator  muft  untie  the  firing  fafiened  round  the 
middle  of  the  leather  pipe,  which  will  open  the  communi- 
cation between  the  patient’s  lungs  and  the  cavity  of  the 
cylinder,  and  he  may  then  breathe  the  dephlogiflicated  air, 
&c.  In  this  operation,  care  fhould  be  had  to  let  no  air  in  or 
out  through  the  nofe.  Some  people  can  do  this  very  eafily ; 
otherwife  the  patient  mufi  hold  his  nofirils  clofe  with  his 
hand.  If  the  operation  is  required  to  be  intermitted,  the 
operator  mufi  tie  the  firing  round  the  leather  pipe  the  mo- 
ment before  the  patient  removes  his  mouth  from  the  glafs  or 
ivory  tube.  If  during  the  operation  the  fiate  of  the  air 
within  the  receiver  were  requirM  to  be  examined,  a little  of 
it,  by  bending  the  cylinder,  may  be  introduced  into  a fmall 
receiver,  &c. 

In  cafe  that  nitre,  or  other  necefiary  conveniences,  could  not 
be  procured,  the  next  advantageous  method  of  extracting  dephlo- 
gifiicated  air,  is  by  means  of  red-lead  and  oil  of  vitriol;  but,  as 
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we  have  already  obferved,  a very  fmall  quantity  of  air  can  be 
obtained  from  thofe  materials,  in  comparifon  to  what  may  be 
procured  from  nitre. 

To  put  the  pieces  of  quick-lime  into  the  cylinder,  for  the 
abforbtion  of  the  fixed  air,  anfwers  much  better  than  lime- 
water  ; becaufe,  as  foon  as  the  firfl:  portion  of  lime,  that  is 
difiblved  by  the  water,  is  precipitated  by  its  combination 
with  fixed  air,  the  water  becomes  capable  to  difiblve  more 
lime,  fo  as  in  fhort  to  preferve  a continual  fupply  of  lime- 
water,  capable  of  abforbing  any  quantity  of  fixed  air  that 
may  be  ufually  formed  by  refpiration. 

Were  the  ufe  of  dephlogifticated  air  to  be  found  beneficial 
for  fome  of  the  various  fatal  diforders  ol  the  lung^,  it  would 
not  be  difficult  to  contrive  methods  oi  obtaining  abundance 
of  dephlogifticated  air,  by  decompofing  a great  quantity  of 
nitre,  and  ot  employing  it  in  a more  convenient  way.  - 

When  an  animal  is  confined  in  a quantity  of  dephlogif- 
ticated  air,  and  is  kept  therein  till  he  dies,  that  air  is  not 
rendered  fo  very  bad  but  it  will  be  ftill  capable  of  great  diminu- 
tion when  mixed  with  nitrous  air.  This  is  a remarkable 
phenomenon,  which  feems  to  ffiew  that  dephlogifticated  air 
is  fomething  different  from  pure  common  air,  or  that  com- 
mon air  is  originally  different  from  dephlogifticated  air 
lowered  by  the  addition  of  phlogifton.  The  phenomenon 
is  certainly  very  remarkable ; and  fometimes  a quantity  of 
dephlogifticated  air,  after  having  been  breathed  by  an  animal 
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till  he  died,  will  appear  by  the  nitrous  tafte  to  be  even  better 
than  common  air.  When  the  experiment  is  performed  in  lime- 
water,  the  air,  after  the  death  of  the  animal,  as  I am  infomed, 
will  not  fulFer  fo  great  a diminution  by.the  mixture  of  nitrous 
air,  as  it  would  otherwife ; but  it  is  ftill  diminifhed  much  more 
than  common  air  is  after  that  an  animal  is  dead  in  it ; which 
fhews,  that  the  death  of  the  animal  in  dephlogifticated  air, 
is  principally  owing  to  the  fixed  air  formed  by  the  act  of  re- 
fpiration.  It  may  be  faid,  that  the  inflammable  principle 
difcharged  through  the  lungs  of  an  animal,  being  perhaps 
combined  with  fome  other  principle,  requires  a longer  time 
to  incorporate  with  the  dephlogifticated  air,  than  the  phlo- 
gifton  of  the  nitrous  air  ; but  this  is  only  an  hypothetical 
explanation  of  the  above-mentioned  remarkable  phenome- 
non, which  requires  many  diredt  proofs. 

I fhall  in  this  place  take  notice  of  another  great  ufe  for 
which  dephlogifticated  air  may  be  employed,  relating  to  re- 
fpiration ; namely,  to  enable  perfons  to  defcend  into  deep 
pits,  and  to  enter  various  fubterranean  paflTages,  in  order 
to  explore  mines,  &c,  which,  on  account  of  the  noxious 
air  exifting  in  them,  are  left  unfearched.  Several  fuch 
places  are  met  with  in  almoft  every  country ; and  efpecially 
in  Italy,  and  about  vulcanos.  — Now,  if  a large  blad- 
der, into  which  a folution  of  lime  in  water  is  introduced, 
be  filled  with  dephlogifticated  air,  and  a fmall  wooden  or  glafs 
pipe  be  adapted  to  its  neck,  a man  may  hold  that  pipe  in  his 
9 mouth, 
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mouth,  and  may  breathe  the  dephlogifticated  air ; and  thus 
equipped  he  may  enter  into  thofe  fubterranean  places,  amidft 
the  various  elaflic  fluids  contained  in  them, 

A large  bladder  of  dephlogifticated  air  may  thus  ferve  him 
for  above  a quarter  of  an  hour,  which  is  a length  of  time 
fufficient  for  various  purpofes ; befides,  if  longer  time  is  re- 
quired to  be  fpent  in  thofe  fubterranean  places,  a perfon  may 
have  two  or  more  bladders  of  dephlogifticated  air  with  him, 
and  may  ftaift  as  foon  as  the  air  of  one  of  them  is  contami-. 
nated.  Without  the  neceftaty  of  any  more  complicated  ap- 
paratus, the  bladders  full  of  dephlogifticated  air  may  be  kept 
ftopped,  by  putting  corks  into  the  glafs  or  wooden  pipes  that 
are  tied  to  their  necks.  — - This  air  might  alfo  be  ufed  for 
diving-bells,  8cc. 

In  regard  to  the  effedls  of  dephlogifticated  air  upon  plants, 
we  have  already  obferved,  that  vegetables  will  not  thrive  well 
in  it.  Dr.  Pri  ESTLEy,  Mr.  Fontana,  Mr.  Scheele,  Dr. 
Ingenhousz,  and  others,  are  all  perfuaded  of  this  truth  ;• 
the  reafon  of  which  feems  almoft  demonftratively  proved  to 
be,  the  want  of  phlogifton  in  dephlogifticated  air,  which  plants 
abforb,  and  which  feems  neceffary  for  their  vegetation  and 
growth.  This  obfervation  itfelf  (independent  of  Dr.  In- 
genhousz’s  experiments)  feems  to  be  an  argument  favour- 
able to  Dr.  Priestley’s  juft  fuppofttion,  that  plants  in  gene- 
ral purify  the  atmofphere.  Amongft  the  various  experiments 
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made  by  feveral  ingenious  perfons,  refpedling  the  growth  of 
plants  in  dephlogifticated  air,  I fhall  only  relate  one  for  the 
fatisfadion  of  my  readers,  which  is  of  Dr.'PRiESTLEv  ; the 
others  concurring  to  confirm  the  fame  thing. 

“ In  Order  to  compare  the  vegetation  of  plants  in  air,  difFer- 
“ ing  as  much  as  pofTible  with  refped  to  phlogifton,  I took 
“ three  fprigs  of  mint  ; and  having  put  all  the  roots  into 
“ phials,  containing  the  fame  pump- water,  that  had  been 
“ fome  time  expofed  to  the  open  air,  I introduced  one  of  them 
“ into  a jar  of  common  air,  another  into  one  of  dephlogifti- 
“ cated,  and  the  third  into  air  that  had  been  phlogifticated 
“ with  nitrous  air  feveral  months  before.  It  was  in  fuch  a 
“ (late,  that  one  meafure  of  it,  and  one  of  nitrous  air,  occu- 
“ pied  the  fpace  of  1,75  meafures.  This  was  done  in  April; 
“ and,  examining  the  plants  on  the  12th  of  May  following,  I 
found  that  the  plant  in  this  phlogifticated  air  had  grown 
“ remarkably  well,  much  better  than  that  in  the  common 
“ air ; whereas  the  plant  in  the  dephlogifticated  air  had  a 
very  fickly  appearance.  ' 

“ I examined  thefe  plants  on  the  26th  of  the  fame  month, 
“ when  the  appearance  continued  nearly  the  fame.  And 
then,,  examining  the  ftate  of  the  air,  I found  that,  though 
“ the  plant  in  phlogifticated  air  had  grown  fo  -well,  the  air 
was  not  fenftbly  improved  by  it.  The  dephlogifticated' 
air  was  injured,  which  1 attributed  to  the  rotting  of  fome 
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“ of  the  leaves  of  the  plant.  The  common  air  I did  not  aN 
“ tend  to 

The  difcovery  of  dephlogifticated  air,  befides  the  imme- 
diate ufe  of  that  wonderful  permanently  elaftic  fluid,  affords 
the  explanation  of  various  phenomena,  which  before  had’ 
originated  feveral  improbable  and  unintelligible  conjectures. 
The  exiftence  of  fubterraneous  fire  may  be  explained  very 
cafily  in  the  prefent  ftate  of  knowledge  relating  to  dephlo- 
gifticated air  j flnce  we  may  eaflly  imagine,  that  much  de- 
phlogifticated air  being  detached  from  feveral  bodies  within 
the  bowels  of  the  earth,  by  means  of  heat,  it  will  ferve  to  keep 
burning  thofe  very  fires,  which  are  the  inftrumental  means  of 
its  production  from  the  divers  minerals  which  contain  that 
pure  refpirable  fluid. 

Among  the  other  phenomena,  that  of  the  detonation  of 
nitre  is  now  very  eaflly  explained,  whereas  before  it  baffled’ 
the  efforts  of  the  greateft  philofophers.  — “ Now,”y2^j  Dr. 
Priestley,  “ the  doctrine  of  dephlogifticated  air  fupplies  the 
“ eafieft  folution  imaginable  of  this  very  difficult  phenome- 
“ non  : For  it  appears,  that  the  nitrous  acid  cannot  be  heated’ 
“ to  a certain  degree,  in  conta6t  with  any  earthy  matter, 
**  without  producing  dephlogifticated  air ; by  the  help  of 
which,  all  combuftible  fubftances  burn  with  the  greateft’ 

* Exper.  and  Obfer.  vol.  iv.  p.  327. 
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violence,  much  more  than  they  can  be  made  to  burn  with 
in  common  air.  Here  then  I fuppofe,  that  the  moment  the 
acid  of  nitre,  contained  in  the  nitre,  and  the  earth  of  the 
“ coal,  for  example,  thrown  into  it,  become  red-hot,  in  con- 
“ ta(5l  with  each  other,  dephlogifticated  air  is  produced ; and 
“ in  this  air  the  remainder  of  the  charcoal,  being  likewife  red- 
‘‘  hot,  burns  with  the  violence  that  is  obfervable  in  the  experi- 
ment ; u hile,  at  the  fame  time,  other  portions  of  the  ni- 
trous  acid  are  forming,  with  other  parts  of  the  fame  de- 
‘‘  compofed  charcoal,  the  union  that  conftitutes  more  de- 
phlogiRicated  air  ; and  thus  the  detonation  continues,  till 
all  the  charcoal,  or  all  the  nitre,  is  confumed,  the  acid  not 
being  iofi^  as  fome  chymifts  exprel«  it ; but  entering  into 
“ the  compohtion  either  oP  the  dephlogifticated  air,  or  of 
“ fome  other  kind  of  air,  that  may  be  generated  in  the  pro- 
“ cefs.  Let  any  perfon  but  attend  to  the  phenomena  of  the 
detonation  of  charcoal  in  nitre,  and  that  of  the  dipping  a 
piece  of  hot  charcoal  into  ajar  of  dephlogifticated  air,*and 
‘‘  I think  it  will  be  impoffible  for  him  not  to  conclude  that 
“ the  appearances  are  the  very  fame,  and  muft;  have  the  fame 
“ caufe.  There  is  the  fame  intenfe  incpndefcence,  and  the 
fame  rapid  confumption  of  the  charcoal,  in  both  cafes  ; and 
this  is  evidently  owing  to  the  eagernefs,  as  I may  fay,  with 
“ which  this  fpecies  of  air,  the  moft  free  from  phlogifton  itfelf, 
“ feizes  upon  th^  phlogifton  of  other  bodies,  in  a fufticient 
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“ degree  of  heat.  Such  appearances  cannot  be  produced  in 
“ common  air  ; which,  being  more  than  half  faturated  with 
“ phlogiflon  already,  can  take  but  little  more,  &c 


- CHAP.  III. 

Of  Fixed  Air^  or  Calcareous  Gas, 

IN  the  two  preceding  chapters  we  treated  of  common  and 
dephlogifticated  air,  which  are  the  only  known  elaftic 
fluids  capable  to  aflift  refpiration,  combuftion,  and  the  other 
phlogiflic  procefles.  All  the  other  permanently  elaftic 
fluids,  of  which  we  are  now  going  to  treat,  can  neither  be 
breathed,  nor  can  they  afTift  combuftion.  In  the  inveftiga- 
tion  of  the  properties  of  thofe  various  elaftic  fluids,  I fhall 
begin  with  thofe  which  are  naturally  found  in  fome  particu- 
lar places,  and  fhall  then  pafs  to  examine  thofe  which  may 
be  called  intirely  artificial*  The  permanently  elaftic  fluids 
of  the  former  clafs  are,  fixed,  and  inflammable  air  : all  the 
reft  are  of  the  latter. 


.*  Exper.  and  Obfer.  vol,  iv.  p.  256, 
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Fixed  air  is  a permanently  elaftic  fluid,  fpecifically  heavier 
than  common  air,  or  than  any  other  permanently  elaftic  fluid, 
incapable  to  aflift  refpiration,  comhuftion,  &c.  and  of  which 
water  can  abforb  a greater  portion  than  of  any  other  perma- 
nently elaftic  fluid,  that  is  at  all  confinable  by  water,  or  .that 
water  does  not  abforb  in  an  inftant  *.  But  is,  like  common 
air,  tranfparent,  invifible,  and  pofiTeftfed  of  the  fame  mechani- 
cal properties. 

Fixed  air  is,  perhaps,  the  oldeft  permanently  elaftic 
fluid,  different  from  common  air,  that  has  been  noticed  by 
mankind  ; flnce  it  is  naturally  found  in  many  fubterranean 
places ; and  it  is  impoftlble  but  it  muft  have  been  long  known, 
from  its  fatal  efleds  on  animals,  and  from  its  extinguifhing 
flame.  The  miners,  to  whom  it  often  occurs,  have,  ere 
long,  called  it  the  choke  damp.  The  idea,  however,  that  peo- 
ple in  general  had  of  this  elaftic  fluid  was  very  confufed;  the 
more  common  opinion,  before  the  time  of  Mr.  Boyle,  was, 
that  fixed  air,  or  rather  that  its  effedls  were  owing  to  a va- 
pour or  fpirit  diffufed  through  the  air  of  fome  particular 
places  ; hence  they  called  it  geifi^  i.  e.  fpirit  j from  whence 
the  word  ^as  has  been  derived. 

The  appellation  of fixed  air^  or,  as  others  call  fixable  air^ 

* Vitriolic  acid  air,  alkaline  air,  and  other  elaftic  fluids,  are  inftantly  abforbed 
by  water  *,  fo  that  here  it  is  meant,  that  water  abforbs  more  of  fixed  air,  than 
of  any  of  thofe  permanently  elaftic  fluids  of  which  water  abforbs  a part  in  a 
confidcrable  time,  and  by  a little  agitation,  &c.  but  not  in  an  inftant. 
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has  been  given  to  this  permanently  elaftic  fluid,  becaiife  it 
may  be  incorporated  or  fixed  in  various  fubftances,  as  lime,  6cc. 
and  becaufe  it  exifts  in  a concentrated  or  fixed  ftate  in  divers 
bodies,  from  which  it  may  be  obtained.  But  it  is  evident, 
that  on  this  account  almoft  all  the  other  forts  of  permanently 
elaftic  fluids  fhould  alfo  be  called  fixed  airs ; which  fhews  the 
impropriety  of  the  appellation,  though  cuftom  has  rendered  it 
familiar  and  diflind:  to  us.  The  great  chymift,  Mr;  Berg- 
man, with  more  propriety  calls  it  the  aereal  acid,  acidum 
aereum^  fince  it  has  been  fully  demonftrated  to  be  an  acid, 
though  a very  w'eak  one  in  comparifon  with  the  other 
acids. 

The  fixed  air^  or  calcareous  gas^  or  aereal  acid,  called  alfo 
mephytic  acid,  and  mephytic  gas,  is  both  the  produdion  of 
nature,  and  may  be  obtained  by  art.  It  is  found  naturally 
in  various  mines,  caverns,  wells,  and  fome  other  places 
that  are  not  ventilated,  and  where  it  may  have  been 
formed  by  natural  fermentation  or  combuftion,  as  in  the 
vicinity  of  vulcanos,  of  putrid  fubftances,  8cc,  And  it  is 
found  in  various  mineral  waters,  out  of  which  it  is  continu- 
ally efcaping  ; fo  that  at  the  fpring  of  feveral  mineral  waters 
there  is  generally  a body  of  fixed  air  of  a confiderable  depth. 
— It  has  often  happened,  that  people,  who  for  the  fake  of  the 
heat  went  to  fleep  near  brick-kilns,  have  been  found  dead  ; 
no  doubt,  owing  to  the  fixed  air,  and  other  noxious  elaftic 
fluid,  which  is  abundantly  produced  from  the  fubftance  of 
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the  bricks  in  the  a6t  of  baking.  The  Grotto  del  Cane,  near 
Naples,  has  been  famous  for  many  ages,  on  account  of  the 
ftratum  of  fixed  air  which  exifts  at  the  bottom  of  it,  and 
which  is  evidently  emitted  through  the  fiflures  of  the 
earth.  In  this  fmall  grotto  many  experiments  have  been, 
and  are  continually  made,  to  fatisfy  the  curiofity  of  tra- 
vellers and  philofophers.  Almoft  all  the  hiftorians,  and 
the  philofophical  writers,  who  mention  the  city  of  Naples 
and  its  environs,  take  notice  of  this  grotto.  Animals  of  dif- 
ferent fpecies,  and  even  men,  have  been  killed,  or  for  a time 
deprived  of  their  fenfes,  by  being  confined  clofe  to  the  pave- 
ment of  this  grotto;  and  lights  are  commonly  extinguifhed 
in  it.  JoANNis  Caramuelis,  in  his  Mathefs  novo,  printed 
in  the  year  1670,  vol.  I.  relates  fome  experiments  made  by 
himfelf  and  others  upon  the  noxious  elaftic  fluid  of  the  Grotto 
del  Cane,  which  are  very  remarkable,  confidering  the  time  in 
which  they  were  made.  He  mentions,  as  we  have  already  ob- 
ferved  in  the  preceding  part  of  this  work,  that  the  fmoke  of  a 
candle,  extinguifhed  within  a certain  diftance  of  the  pavement 
of  the  grotto,  was  intirely  retained  within  the  ftratum  of  the 
noxious  fluid,  which  reached  to  about  14  inches  above  the 
ground  ; and  that  if  part  of  the  fmoke  was  driven  out  of  the 
mouth  of  the  grotto,  it  defcended  like  water  falling  from  the 
edge  of  a tub,  inftead  of  afcending  as  fmoke  is  wont  to  do. 
Had  he  been  acquainted  with  the  nature  of  fixed  air,  he  would 
have  eafily  underftood  that  the  fmoke  was  retained  on  ac- 
count 
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count  of  the  attradiion  between  the  fixed  air  and  the  aqueous 
particles ; and  that  it  defcended  when  driven  out  of  the 
grotto,  becaufe  the  fixed  air,  being  fpecifically  heavier  than’ 
common  air,  defcended,  and  carried  the  fmoke  along  with 
itfelf.  This  ingenious  perfon  gives  a drawing  of  the  grotto, 
and  of  the  fmoke,  &c.  He  alfo  relates  another  experiment, 
which  tends  to  prove  nothing  lefs  than  the  acid  nature  of 
fixed  air.  In  order  to  colledt  any  vapour  that  might  pro-' 
ceed  from-the  bottom  of  the  faid  grotto,  he  and  his  com- 
panions placed  the  head  of  an' alembic  on  the  pavement  of 
it ; and  as  this  inftrument  was  rather  colder  than  the  air  of 
the  grotto,  which  is  generally  warm  *,  it  collecSled  a few 
drops  of  a watery  fluid,  which,  to  the  tafte  of  his  companions, 
feemed  to  be  acidulous,  though  he  could  not  perceive  it 
himfelf ; but  he  adds,  that  his  tafle  is  naturally  not  very  ex-* 
quifite. 

In  the  prefent  ftate  of  knowledge,  this  experiment  is  eafily 
explained  ; for  it  is  plain,  that  the  head  of  the  alembic,  be- 
ing colder  than  the  air  of  the  grotto,  attracted  the  watery 
particles  from  it,  which  imbibing  the  fixed  air,  became 
acidulous.  In  feveral  places  the  fixed  air  exifts  only  for  a 
time,  and  then  ceafes  5 in  others  is  continually  produced. 

* The  ground  about  this  grotto  fliews  manifeft  figns  of  fubterranean  fire  or 
fermentation,  as  it  abounds  with  hot  fprings,  fulphur,  emanations  of  fmoke, 
&c.  Pretty  near  it  is  the  famous  Solfatara. 
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But  in  general,  in  thofe  places  wherein  it  is  naturally  found, 
is  always  mixed  with  much  common  air ; hence  fometimes 
it  extinguifhes  flame,  though  it  is  not  fatal  to  animals  that 
breathe  it ; and  often  fome  other  elaftic  fluids  are  mixed  with 
it,  as  inflammable  and  phlogiflicated  air. 

The  artificial  methods  of  obtaining  fixed  air  are  princi- 
pally three,  viz.  by  fermentation,  by  heat,  and  by  acids. 

Vegetable  or  animal  fubftances,  when  they  are  fermenting, 
yield  a quantity  of  fixed  air,  which  is  generally  greater  from 
vegetable  than  from  animal  bodies  ; and  even  by  the  fame 
kind  of  fubftances,  a various  quantity  of  fixed  air  is  produced 
at  various  times  ; probably,  when  the  fermentation  is  made 
in  a longer  time,  then  a greater  quantity  of  fixed  air  is  pro- 
duced, and  contrarywife.  In  breweries,  upon  the  furface  of 
the  fermenting  malt,  there  is  always  a ftratum  of  fixed  air, 
which  reaches  as  high  as  the  edge  of  the  vats  ; and  fome- 
times, when  thofe  veflels  are  very  deep,  and  the  furface  of  the 
fermenting  liquor  in  them  is  much  below  their  edges,  the 
ftratum  of  fixed  air  may  be  of  fome  feet  in  depth 

T he  fame  phenomenon  is  obfervable  in  the  fermentation 
of  wines  in  general  ; and  it  is  owing  to  the  production  and 
elafticity  of  fixed  air,  that  when  fermenting  liquors  are  put 
into  clofe  veflels,  thofe  veflTels  are  often  broke  with  great  vio- 

* Le  Due  de  Chaulnes  has  found  it  even  4 feet  deep.  See  his  Memoire 
et  Experiences  fur  I’Air  fixe  de  la  Biere,  p.  2. 
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lence.  In  fliort,  whenever  rubnances  undergo  the'  vinous 
fermentation,  a quantify  of  fixed  air  is  produced.  Dr, 
Hales  obtained  from  42  cubic  inches  of  beer,  639  cubic 
inches  of  fixed  air,  in  13  days. — From  a quantity  of  fugar 
undergoing  the  vinous  fermentation,  Mr.  Cavendish  obtained 
a confiderable  quantity  of  fixed  air ; fo'that  out  of  100  parts 
of  the  dry  fugar,  57  parts  feemed  to  have  been  converted  in- 
to fixed  air. 

Fermented  liquors,  notwithfianding  that  a vafi:  quantity  of 
fixed  air  efcaped  from  them  during  their  fermentation,  do 
ftill  contain  a confiderable  quantity  of  fixed  air,  except  when 
they  arc  become  quite  vapid,  or,  as  it  is  called,  flat;  fo 
that  their  agreeable  tafle  is  in  great  meafure  owing  to  the 
prelence  of  fixed  air  in  them  ; from  whence  it  follows,  as  is 
confirmed  by  experiments,  that  when  wines,  beer,  &c.  have 
loft  their  fixed  air,  and  are  become  flat,  by  being  kept  in  an 
open  veflel,  and  in  a warm  place,  or  otherwife  ; their  brilk 
and  agreeable  tafte  may  be  reftored  by  impregnating  them 
again  with  fixed  air. 

Dr.P  aiESTL£Y,in  order  to  obferve  the  proportion  of  fixed 
air  contained  in  different  forts  ot  wine,  made  ufe  of  a glafs 
phial,  with  a ground  ftopple  and  tube,  capable  of  containing- 
oi  an  ounce  meafure.  This  he  filled  with-each  fpecies  of 
wine,  and  then  plunged  it  into  a veiiel  of  water,  which  was 
fet  over  the  fire  to  boil,  receiving  the  fixed  air,  after  the  ufual  ■ 

manner, 
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manner,  into  a receiver  filled  with  and  inverted  in  quick- 
filver. — The  refult  of  his  experiments  is  as  follows  * : 

The  quantity  of  permanently  elaftic  fluid,  which  on  ex- 
amination was  found  to  be  pure  fixed  air,  contained  in 
Madeira,  was  — — ■rW'i 

Port  of  6 years  old  — 

Hock  of  5 years  — 

Barrelled  claret  ~ 

Tokay  of  16  years  — 

Champaigne  of  2 years 
Bottled  cyder  of  1 2 years  ' ^ - 

Liquors  undergoing  the  acetous  fermentation,  yield  a con- 
fiderable  quantity  of  elaftic  fluid  ; but  I do  not  know  that 
the  nature  of  it  has  been  hitherto  properly  examined.  From 
a few  experiments  it  feems,  that  the  elaftic  fluid  produced  in 
that  ftate  is  moftly,  though  not  intirely,  fixed  air. 

During  the  putrefaftive  fermentation,  fome  fixed  air  is 
produced,  though  not  much ; but  then  it  is  generally  mixed 
with  other  permanently  elaftic  fluids,  viz.  inflammable  and 
phlogifticated  air,  together  with  a putrid  oftenfive  effluvium, 
which  in  great  meafure  feems  to  be  intimately  combined  with 
the  fixed  air.  ‘‘  It  fays  Dr.  Priestley,  “ to  depend, 

“ in  fome  meafure,  upon  the  time,  and  other  circumftances, 
• Exper.  and  Oferv.  vol.  ii.  p.  227. 
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“ in  the  difTolution  of  animal  or  vepetable  fubftances,  whe- 
“ ther  they  yield  the  proper  putrid  effluvium,  or  fixed  or  in- 
“ flammable  air 

The  elaflic  fluid  produced  by  putrefying  vegetables,  when 
kept  in  a moderate  degree  of  heat,  is  almofl  all  fixed  air ; 
whereas  animal  fubflances,  in  the  fame  circumftaiices,  yield 
feveral  times  more  inflammable  than  fixed  air.  Vegetable 
fubflances  yield  almofl  all  the  permanently  elaflic  fluid  in  a 
fhort  time,  generally  in  a few  days  ; but  animal  bodies  con- 
tinue to  produce  elaflic  fluid  for  many  weeks. 

If  the  elaflic  fluid,  produced  by  the  putrefa<flion  of  ani- 
mal fubflances,  be  caufed  to  be  abforbed  by  water,  and  after- 
wards that  water  be  boiled,  the  fixed  air,  which  is  then 
obtained  from  it,  is  free  from  the  putrid  effluvium. 

It  may  be  laflly  obferved,  with  refpecfl  to  the  production 
of  permanently  elaflic  fluids  from  putrefying  animal  fub- 
flances, that  the  nature  of  it,  as  well  as  the  quantity,  is  dif- 
ferent, according  to  the  different  fubflances  employed  ; thus 
the  mufcular  part  of  an  animal  body  will  yield  lefs  elaflic  fluid, 
and  lefs  mixed  with  any  putrid  or  offenfive  effluvium,  than  a 
whole  animal,  or  than  the  liver,  &C.  The  proportion  of  in- 
flammable, and  of  fixed  air,  is  alfo  various,  according  to  the 
various  parts. 

It  is  almofl  ufelefs  to  deferibe  any  proceffes  by  which 
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fixed  air  may  be  obtained  from  fermenting  fubftances ; fince 
every  common  method  of  making  vvine,  beer,  &c.  will 
anfvver  very  well  ; but,  for  the  fake  of  thofe  who  require  a 
particular  prefcription  for  every  thing,  I fhall  add  the  fol- 
lovving  procefs,  which  gives  a great  quantity  of  very  pure 
fixed  air  * : — Mix  together  equal  parts  of  brown  fugar  and 
good  yeft  of  beer,  to  which  add  about  twice  the  bulk  of 
water.  This  mixture  being  put  into  a phial,  to  which  a 
bent  tube  with  a cork  may  be  adapted,  and  being  expofed  to 
a degree  of  heat  not  exceeding  the  80th  or  90th  degree  of 
Farenheit’s  thermometer,  will  yield  a good  deal  of  fixed 
air. 

Fermentation  is  one  of  the  means  by  which  fixed  air  is 
produced  ; but,  as  few  bodies  are  capable  of  fermenting,  it 
follows  that  this  method  is  not  fo  general  as  either  of  the  other 
two,  viz.  by  heat  or  by  acids;  which,  indeed,  force  the  fixed 
air  out  of  a prodigious  number  of  bodies,  and  in  general  not 
only  in  greater  quantity,  but  alfo  in  a much  fliorter  time,  than 
fermentation. 

In  every  combuftion,  excepting  that  of  fulphur  or  of  metals, 
a quantity  of  fixed  air  is  generated  ; which  may  be  obfervcd 
by  fixing  a lighted  candle  in  a bafin  of  lime-water,  and  in- 

* This  method,  and  fermentation  in  general,  may  be  ufed  for  fome  particular 
experiments,  in  which  the  proper  produce  of  fermentation  may  be  required  to 
be  examined  •,  otherwife  fixed  air  is  more  eafily  and  more  plentifully  obtained  by 
other  means,  to  be  deferibed  in  the  fequel. 
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verting  a large  glafs  receiver  over  it ; for  a precipitation  of* 
the  lime  will  follow.  If,  inftead  of  a candle,  the  experiment 
be  tried  with  burning  pieces  of  wood,  of  paper,  and,  in 
fhort,  of  any  combuflible  fubftance,  except  fulphur  and 
metals,  the  lime  will  always  be  precipitated,  which  is  one  of 
the  diftinguifhing  charaifleriftics  of  fixed  air.  In  the  chapter 
on  common  air,  we  took  notice  of  the  diminution  fbifered 
by  common  air,  when  combuflible  bodies  are  burned  in  a 
given  quantity  of  it  ; from  whence  the  reader  may  in  fome 
meafure  eflimate  the  quantity  of  fixed  air  generated,  though 
this  cannot  be  done  with  exadnefs. — In  dephlogiflicated  air 
the  precipitation  is  much  more  confiderable. 

Dr.  Priestley  having  heated,  by  means  of  a lens,  char- 
coal Handing  in  a receiver  full  of  fome  permanently  elaflic 
fluid  that  was  incapable  to  aflifl  combuftion,  as  nitrous 
air,  &c.  and  which  receiver  flood  inverted  in  lime-water, 
found  that  no  precipitation  of  the  lime  enfued  which 
(hews  that  fixed  air  cannot  be  produced  from  an  inflammable 
body  by  heat  only,  without  combuflion.  When  eledric 
fparks  are  paffed  through  a quantity  of  common  air  con- 
tained in  a receiver  that  is  inverted  in  lime-water,  a dimi- 
nution of  the  air  takes  place,  and  alfo  a precipitation  of  the 
lime;  which  Ihows  that  fome  fixed  air  is  generated.  Not 
only  the  lime-water  is  precipitated,  but  even  the  blue  juice 
of  vegetables  may  be  changed  into  red,  by  taking  electric 

* Exper.  and  Obfcr.  vol.  i.  p.  136. 
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rparks  in  a quantity  of  common  air.  Dr.  Priestley  having 
cemented  a wire  into  one  end  of  a glafs  tube,  the  diameter 
of  which  was  about  one  tenth  of  an  inch,  and  having  fixed 
a brafs  ball  to  that  extremity  of  the  wire  which  was  out  of 
the  tube,  filled  the  lower  part  of  it  with  the  juice  of  turnfole 
or  archil,  fo  that  a quantity  of  common  air  was  contained 
in  th^  tube  between  the  extremity  of  the  wire  and  the 
furface  of  the  liquor.  Then  taking  eledric  fparks  between 
the  faid  wire  and  liquor  for  about  one  minute,  the  upper 
part  of  the  liquor  began  to  look  red,  and  in  about  two 
minutes  it  was  manifefily  fo.  The  air,  at  the  fame  time,  was 
diminifhed  in  proportion  as  the  liquor  became  red ; but  when 
the  diminution  arrived  to  be  one  fifth  of  the  quantity  of  the 
,air  contained,  then  a longer  eledrization  produced  no  fenfible 
effcd.  “ To  determine,”  fays  the  DoBor^  “ whether  the 
“ caufc  of  the  change  of  colour  was  in  the  air  or  in  the 
“ eleBric  matter^  I expanded  the  air  which  had  been  di- 
“ minifiied  in  the  tube  by  means  of  an  air-pump,  till  it  ex- 
“ pelled  all  the  liquor,  and  admitted  frefh  blue  liquor  in 
its  place  ; but  after  that,  eledricity  produced  no  fenfible 
“ efied,  either  on  the  air  or  on  the  liquor ; fo  that  it  was 
“ evident  that  the  eledric  matter  had  decompofed  the  air, 
“ and  had  made  it  depofit  fcraething  that  was  of  an  acid 
nature 

The  calcination  of  metals,  as  w'e  have  already  obferved, 
* Exper.  and  Obferv.  vol.  i.  p.  184. 
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phloglflicates,  and  confequently  diminiflies,  common  air,  but 
does  not  produce  any  fixed  air,  fince  the  lime-water,  over 
which  the  calcination  is  made,  does  not  become  turbid  ; and 
when  metallic  calxes  are  expofed  to  a fufficient  ftrong  heat, 
they  in  general  yield  fome  fixed  air  : fo  that  it  feems  that 
the  fixed  air  which  is  formed  in  the  a6t  of  the  calcination  of 
metals  is  ablbrbed  by  the  calx.  Some  fixed  air  may  be  ob- 
tained from  red-lead,  by  no  greater  degree  of  heat  than  that 
of  the  flame  of  a candle  applied  to  the  phial  that  contains 
k.  ' 

Dr.  Priestley,  having  examined  the  calx  of  lead  in  its 
various  ftates,  found  that  it  generally  produced  fome  fixed 
air,  cfpecially  white  and  red-lead  ; but  we  have,  in  the  pre- 
ceding chapter,  obferved  that  whenever  dephlogifticated  air 
is  extracted , from  any  fubftance,  a portion  of  fixed  air  is 
generally  produced  together  with  it.  I have  obferved,” 

' yays  Dr,  Priestley,  “ that,  in  general,  thofe  fubftances 
“ which,  without  containing  phlogifton,  yield  fixed  air  with 
“ heat,  or  by  the  addition  of  an  acid,  when  mixed  with 
fpirit  of  nitre,  and  treated  as  above,  yield  more  or  lefs  of 
“ dephlogifticated  air,  but  generally  with  a confiderable  mix- 
“ ture  of  fixed  air;  though  I profefs  not  to  know  upon  what 
“ circumftance  it  is  that  the  proportion  of  thefe  two  kinds  of 
“ air,  produced  from  thefe  fubftances,  depends 

When  metallic  calxes  are  revived,  by  addition  of  charcoal, 


* Exper.  and  Obfer.  vol.  ii.  p,  65, 
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or  other  inflammable  fiibftance,  fome  fixed  air  is  alio  pro- 
duced, which  has  been  thought  to  proceed  from  the  char- 
coal, and  not  from  the  metallic  calx  ; but  Dr.  Priestley 
obferves,  that  fixed  air  is  extraded  from  feveral  metallic  fub- 
ftances  by  means  of  heat  only,  without  any  addition  of  char- 
coal; from  whence  it  feems  to  follow,  that  the  fixed  air 
muft  be  produced  from  the  metallic  calx  ; but  yet  the  com- 
buftion  of  charcoal  by  itfelf  generates  fixed  air ; fo  that  in 
the  reduction  of  metallic  calxes  the  production  of  fixed  air 
muff  be  attributed  to  both,  viz.  to  the  calx  and  to  the  char- 
coal, or  other  fubftance  ufed. 

The  reader,  even  from  that  which  has  been  already  faid 
concerning  metallic  calxes,  muft  have  comprehended  that 
the  phenomena  attending  it  are  very  difficultly  explained ; 
and  he  may  be  affured,  that,  notwithftanding  the  vaft  num- 
ber of  experiments  which  have  been  hitherto  made  concern- 
ing it,  the  fubjeCt  is  ftill  imperfeClly  underftood.  That  the 
inveftigation  of  thofe  interefting  phenomena,  relative  to  the 
calcination  of  metals,  may  be  farther  profecuted,  and  in  order 
to  put  the  fubjeCt  in  the  moft  advantageous  profpecft  for  the 
comprehenfion  of  my  reader,.  I ffiall  here  mention  the  prin- 
cipal facts  hitherto  obferved,  and  ffiall  point  out  the  various 
weighty  objections  offered  againft  the  deductions  which 
have  been  drawn  from  them. 

Mr.  Lavoisier,  member  of  the  French  Academy  of  Sci- 
ences, who  has  given  much  attention  to  this  fubjeCt,  has 
performed  a great  number  of  experiments  concerning  it, 
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which  were  conduced  in' an  elegant  manner,  and  which  he  has 
related  wdth  lingular  order  and  elegance  in  his  Efiays  Phylical 
and  Chemical.  Having  diffolved  mercury  in  nitrous  acid,  and 
alfo  iron  in  nitrous  acid,  and  having  precipitated  the  metal 
in  either  folution  by  means  of  chalk  and  by  lime,  he  found 
that  when  chalk  was  ufed  a greater  quantity  of  precipitate 
was  obtained  than  when  lime  was  employed. 

Now  as  chalk  contains  much  more  fixed  air  than  lime, 
and  as  the  precipitate  is  afterwards  found  to  contain  fixed  air, 
it  feems  that  the  precipitation  of  the  folution  is  ownng  to  the 
abforption  of  the  fixed  air  that  is  feparated  from  the  chalk  or 
lime,  and  that  more  precipitate  is  formed  when  chalk  is  ufed 
than  when  lime,  becaufe  the  former  yields  more  fixed  air 
than  the  latter.  Mr.  Lavoisier,  having  colleded  the  elafiic 
fluid  w'hich  was  generated  in  the  reduction  of  minium  and 
having  compared  it  with  that  difeharged  from  chalk,  &cc. 
found  that  they  agreed  in  ail  their  properties;  which  proves 
that  they  are  of  the  fame  nature,  viz.  they  are  what  we  un- 
derfland  by  fixed  air^  at  leafl:  we  find  no  diflerence  between 
them.  They  both  precipitated  the  lime  in  lime-water,  they 
both  extinguifhed  flame,  were  fatal  to  animals,  were  abforbed 
by  water,  6cc.  After  that  the  greatefl:  part  of  thofe  elaftic 
fluids  was  abforbed  by  water,  a Imall  portion  remained, 
which  is  immifcible  with  water,  and  is  much  refembling  the 
atmofpheric  air.  1 his  refiduum,  Mr.  Lavoisier  obferves, 

* From  144  grains  of  red-ltad  mixed  with  12  grains  of  charcoal,  previoufly 
v/cll  burned  in  a dole  vefltJ,  he  obtained  14  cubic  inches  of  fixed  air. 
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is  more  coniiderable  in  the  fixed  air  produced  in  metallic 
redudionsj  than  in  that  detached  from  chalk.  This  judicious 
philofopher,  having  mixed  together  mercu?du5  precipitatus per 
fe  and  charcoal,  expofed  the  mixture,  in  a glafs  retort,  to  a 
proper  degree  of  heat,  and  collected  the  produced  elaftic 
fluid,  which  he  found  to  have  the  properties  ot  fixed  air;  but 
obferving  that,  by  reducing  the  precipitate  per  fe  by  itfelf, 
without  charcoal,  the  elaftic  fluid  that  is  thereby  produced,  is 
fo  far  from  being  fixed  air  that  is  it  a much  purer  refpirable 
fluid  than  common  air,  “ It  feems,”  fays  hey  “ to  be 
“ proved  from  hence,  that  the  principle  which  combines 
“ with  metals  during  their  calcination,  and  which  occafions 
“ the  augmentation  in  their  weight,  is  nothing  but  an  ex- 
“ ceedingly  pure  portion  of  the  air  which  furrounds  us, 
which  we  refpire,  and  which  pafles,  in  this  procefs,  from  a 
“ ftate  of  expanfibility  to  that  of  folidity  : if  then  it  be  ob- 
“ tained  in  the  ftate  of  fixed  air  in  all  the  metallic  redudions 
‘‘  when  charcoal  is  employed,  it  is  to  the  charcoal  that  this 
“ effed  iTould  be  attributed ; and  it  is  very  probable  that  all 
“ the  metallic  calxes  would  yield  only  common  air,  if  we 
‘‘  could  reduce  them  all  without  addition,  in  the  fame 
‘‘  manner  as  the  mercurius  precipitatus  per  feP^ 

The  deflagration  of  nitre  with  any  inflammable  fubftance 
fhews  phenomena  analogous  to  thofe  of  the  precipitate  per  fey 
viz.  it  produces  fixed  air  ; whereas  nitre,  expofed  to  a ftrong 
degree  of  heat  by  itfelf,  yields  dephlogifticated  air. 

To  Mr.  Lavoisier’s  obfervation  a great  objedion  is  op- 
9 , pofed 
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pofed  by  Dr.  Priestley,  who  having  expofed  metallic  calxes 
to  the  focus  of  a glafs  lens,  without  any  addition  of  charcoal 
or  other  inflammable  body,  obtained  fome  fixed  air  from 
them.  But  it  may  be  obferved,  that  moft  metallic  calxes 
contain  fome  quantity  of  phlogifton,  to  which  the  formation 
of  fixed  air  may  be  attributed.  Indeed,  confidering  that 
fixed  air  is  generated  in  every  combuftion,  and  that  in  the 
redudion  of  metallic  calxes  the  charcoal,  or  other  in  flam  ma^ 
ble  matter  ufed,  if  proportionate  to  the  quantity  of  calx,  is 
intirely  burned,  it  feems  very  natural  to  attribute  the  pro- 
dudion  of  fixed  air  to  the  combination  of  the  phlogifton  of 
the  inflammable  fubftance  with  the  dephlogifticated  air  of 
the  metallic  calx  ; from  whence  it  feems  to  follow,  that  fixed 
air  is  a compound  of  pure  refpirable  air  and  phlogifton  : but 
we  fliall  examine  this  matter  in  the  fequel. 

The  principal  fads  that  feem  upon  the  whole  to  be  afcer- 
tained,  relating  to  the  phenomena  of  metallic  calcination,  and 
redudion  of  metallic  calxes,  are,  I.  That  metals  are  only 
calcinable  v.^hen  expofed  to  refpirable  air  and  heated,  or 
when  they  are  diflblved  in  acids.  II.  That  the  calcination 
is  performed  much  quicker  when  the  air  is  purer  and  the 
metal  expofes  a greater  furface  to  it.  III.  That  the  metal 
acquires  an  additional  weight  by  calcination,  fo  that  the  calx 
weighs  more  than  the  metal  employed  ; and  that  the  calx, 
lofes  part  of  its  weight  when  reduced,  fo  that  the  metal 
weighs  lefs  than  the  calx  employed.  IV.  That  in  the  ad 
of  calcination  a quantity  of  air  is  abforbed,  and  the  reft  of 

"the 


592  Of  the  Nature  and  Properties  of  Air^ 

the  air  (when  the  experiment  is  performed  in  confined  air) 
is  phlogifticated,  but  no  fixed  air  is  found  in  it.  V.  That  in 
the  redudion  of  metallic  calxes,  if  they  are  capable  of  being 
revivified  without  addition,  dephlogifticated  air  is  moftly  pro- 
duced ; otherwife  fixed  air  is  yielded.  VI.  and  laftly,  That 
metallic  calxes,  when  expofed  by  themfelves  to  a fufficient 
degree  of  heat,  yield,  in  general,  dephlogiflicated  air,  but 
moflly  mixed  with  a fmall  portion  of  fixed  air. 

The  calcareous  earths,  which,  when  adled  on  by  acids, 
yield  a vaft  quantity  of  fixed  air,  produce  a very  fmall  quan- 
tity of  it  when  expofed  to  a ftrong  heat  by  themfelves,  in 
a proper  vefTel,  even  when  expofed  to  the  focus  of  a lens 
Dr.  Priestley,  in  his  experiments  relating  to  the  produdion 
of  dephlogiflicated  air  from  various  fubflances,  when  moif- 
tened  with  nitrous  acid,  and  afterwards  expofed  to  a fufficient 
degree  of  heat,  generally  found  that  fome  fixed  air  was  pro- 
duced together  with  the  dephlogiflicated  air  ; but  often  ob- 
tained fixed  air  only,  without  any  dephlogiflicated  air  being 
mixed  with  it,  or  fixed  and  nitrous  air  together.  From  half 
an  ounce  of  ruft  of  iron^  moiftened  with  fpirit  of  nitre,  and 
dried,  he  obtained  about  a quart  of  elaflic  fluid,  about  one 
third  of  which  was  fixed,  and  the  reft  nitrous  air.  From 
afhes  of  pit-coal,  treated  in  the  fame  manner,  he  obtained 
nearly  the  like  refult  f.  But  in  thofe  experiments,  the  Dr. 


* Exper.  and  Obfer.  vol.  ii,  p.  120. 
t Ibid.  vol.  ii.  fed.  iv. 
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mofl:ly*ufed  a gun-barrel,  into  which  he  introduced  the  fub- 
ftances  to  be  tried  ; fo  that  it  is  very  probable,  as  he  juflly 
obferves,  that  the  iron  might  have  contributed  tO'  the  forma-? 
tion  of  the  fixed  air.  In  fadt,  when  he  tried  fubftances  of 
the  fame  fort,  firfl:  in  a gun-barrel,  and  then  in  glafs  vefiels,* 
he  obtained  much  more  fixed  air  in  the  former  than  in  the 
latter  cafe.  One, of  thofe  experiments  he  made ‘with  tohacco- 
pipe-clay,  which,  after  being  moiftened  with  fpirit  of  nitre, 
was,  when  dry,  expofed  to  the  fire  in  a gun-barrel,  and 
yielded  fome  elaftic  fluid,  which  appeared  to  be  wholly  fixed 
air;  but  repeating  the  experiment 'in  v a glafs-phial  with  a 
ground  ftopple,  and  taking  the  produced  elaftic  fluid  at  eight 
different  times,  found  that  on  the  beginning  fome  fixed  air  was 
produced,  but  afterwards  the  produce  Was  dephlogiftilckted 
air  *.  He  made  a fimilar  experiment  with  Jitnts  carefully 
calcined  in  clofe  veffels^  and  obtained  a fimilar  refult  K 

From  an  ounce  of  common  falt^  expofed  to  as  great  degree 
of  heat  as  could  be  given  it  in  a glafs  retort,  Dr.  Priestley 
obtained  about  two  ounce  meafures  of  elaftic  fluid,  the  firft 
part  of  which  was  fixed  air,  and  the  laft  phlogifticated  air. 
From  folutions  of  iron  in  fpirit  of  fait,  of  quick-lime  in  fpi- 
rit of  fait,  and  from  moft  metallic  and  other  falts,  the  Dr. 
has  alfo  obtained  fome  fixed  air,  vii.  from  green,  blue,  and 
white  vitriol,  from  calcined  alum,  from  vitriolated  tartar, 
from  borax,  and  from  fugar 

* Exper.  and  Obfer.  vol.  ii.  feft.  4. 

X Ibid.  vol.  iii  fedt.  6.  and  vol.  iv.  fed.  24. 
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Moft  minerals  contain  fixed"  air,  which  may  be  exf^a(^lec^ 
to  a certain  degree  by  means  of  heat.  Mr.  Krengep,  dif* 
tilling  a greenifh  fufible  fpar^  which  was  liaminous  in  the 
dark,  obtained  from  it  fome  permanently,  elaftic  fluid,  whichy 
like  fixed  air,  cryftallized  a folution  of  fixed  alkalL  Mr^ 
Fontana,  in  his  analyfis.  of  the  malachitey  finds  that  that 
mineral  contains  a vafl:  quantity  of  fixed  ah*,  as  pure  as  that 
which  is  extraded  from  chalk  by  means  of  vitriolic  acid. 
One  ounce  of  malachite  is  capable  of  yielding  about  lyo  cu-* 
bic  inches  of  fixed  air,  when  expofed  to  a pretty  ftrong  fire  by 
kfelf,  in  a-  glafs  matrafs  -f. 

From  almoff  every  metallic  ore  and  earthy  mineral  fome 
fixed  air  may  be  obtained,  as  well  as  from  chalk,  lime-ftoney 
marble^  marine  {hells,  fixed  and  volatile  alkali,  and  from 
magnefia.'  alba,,  by  means  of  a violent  fire,  or  of  acids. 

Mh.  Eller,  from  two  drams  of  crabs  eyes,  mixed  with  one 
ounce  of  vinegary  obtained  12  cubic  inches. of  fixed  air;  but 
from  an  equal  quantity  of  the  fame  fubftance,  with  one  ounce 
of  fpirit  of  fait,  obtained  75  cubic  inches  of  fixed  air.  From 
two  drams  of  red  corah,  With,  one  ounce  of  fpirit  of  fait,  he 
obtained  52  cubic  inches  of  fixed  air. 

And  from  one  ounce  oifalt  of  tartar,  with  half  an. 

ounce  of  fpirit  of  nitre^.he  obtained  48  cubic  inches  of  fixed- 
air. 

Dr,  Black,  of  Edinburgh,  obferves,,  that  magnefia  con•^ 
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tains  "half  its  weight  of  fixed  air.  And  Mr.  William  Bewly, 
having  expofed  magnefia  in  an  oblong  glafs-phial  to  a (and- 
heat,  found,  that  although  the  portion  of  it,  which  had  been 
made  red-hot,  did  not  originally  weigh  above  one  dram 
and  a half,  as  he  afterwards  calculated,  the  fixed  air  pro- 
duced was  above  30  ounce  meafures. 

Mr.  Cavendish  fays,  that  marble  contains  parts  of  its 
weight  of  fixed  air  * ; that  cryftals  of  fait  of  tartar  yield 
of  their  weight  of  fixed  air  ; and  that  volatile  fait  am-- 
moniac  yields  about  of  its  weight  of  fixed  air. 

Mr.  Bergman  fays,  that  dry  fait  of  tartar  feldom  contains 
above  of  fixed  air,  xA  of  water,  x-A  of  filiceous  earth,  and 
xA  of  pure  alkali  “f-. 

Mr.  Jacquin^  in  his  Examen  doSirince  Mayeriance^  afiferts, 
that  Ikne-Jlone^  or  cremor  calcis,  contains  lx  parts  of  its 
weight  of  fixed  air. 

The  ingenious  author  of  a treatife  on  gafes^  fays  to  have 
obtained  16  ounce  meafures  of  fixed  air  from  the  deflagra- 
tion of  one  pennyweight  of  nitre,  and  an  equal  quantity  of 
powdered  charcoal,  well  mixed  with  two  ounces  of  clean 
fand^  to  prevent  the  too  hafty  deflagration,  when  expofed  to 
heat  in  a retort. 

In  Mr.  Boyle’s,  Dr.  Boerhaave’s,  and  Dr.  Hales’s  works, 
and  in  other  books,  the  quantities  of  elaftic  fluid  generated 
in  various  procefles,  and  by  divers  fubftances,  are  mentioned 

• Phil,  Tranf.  for  the  year  1776. 
t Bergman  de  acido  acre,  fedl.  7. 
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I. 

with  di{l:in(9:ion;  but  as  thofe  writers  were  not  acquainted  with 
the  charaderiftic  properties  of  fixed  air,  we  don’t  know  whether 
the  elaftic  fluid  mentioned  by  them  was  pure  fixed  air  or  not. 

In  his  fourth  vol.  of  Experiments  and  Obfervations,  fed. 
xxxvi.  Dr.  Priestley  mentions  to  have  obtained  from  one 
ounce  of  cream  of  tartar,  in  a glafs  veflel  and  a fand-heat, 
170  ounce  meafures  of  elaftic  fluid,  the  firfi:  portions  of 
which  were  almoft  pure  fixed  air.  The  refiduum,  however, 
was  inflammable,  and  burned  with  a blue  flame. 

At  lafl:  only  about  two  thirds  of  the  elaftic  fluid  was  fixed, 
and  the  reft  inflammable  air. — This  fubftance,  by  calcination 
. in  a red-heat,  loft- about  half  its  weight,  after  which  it-  ftill’ 
retained  a great  deal  of  fixed  air,  which  was  yielded  when 
fpirit  of  fait  was  poured  upon  it. 

Dr.  Priestley  found,  that  when  nitrous  acid  is  mixed  with 
nitrous  or  vitriolic  ether,  or  any  effential  oil,  and  alfo  when 
mixed  with  tallow  or  bees-wax,  it  produces  fome  fixed  air,, 
fometimes  mixed  with  a little  nitrous  air.  “ Spirit  of  nitre,”' 
fays  he^  “ heated  with  olive  oil^  yields  the  fame  kind  of  air 
“ with  that  which  is  produced  from  effential  oils,  &:e.  but 
“ the  procefs  is  exceedingly  trbublefome,  owing  tQ  th^  te- 
“ nacity  of  the  oil.” 

From  either  gum-arabic^  gum-copaly  ox-ambery  mixed  with 
fpirit  of  nitre,  the  Dodtor  obtained  fome  fixed  air  mixed  with 
nitrous  air^.  ’’  - , . 

* The  nitrous  air  thus.obtained  was  often  as  good  as  tha^  extraded  from  me- 
tals ; and  the  refult  of  the  procefs  fecmcd  not,  to  depend  upon  the  ftrength  of  the 
fpirit  of  nitre  employed. 
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From  a quantity  of  fluor  and  ftrong  nitrous  acid  he  alfo 
obtained  one  fixth  of  fixed  and  the  reft  nitrous  air 

In  general,  he  obferves,  “ that  if  the  fubftance  v/ith  which 
“ the  fpirit  of  nitre  is  heated,  whether  it  be  fluid  or  folid, 
“ contain  much  phlogifton,  the  air  produced  from  it  will  be 
nitrous  air,  or  poflefs  the  property  of  diminifhing  common 
“ air  to  a confiderable  degree  ; and  in  almoft  all  cafes,  with 
“ a mixture  of  fixed  air  d".’’ 

From  animal  fubftances,  treated  as  the  above-mentioned 
fubftances,  viz.  mixed  with  fpirit  of  nitre,  and  fometimes 
heated  a little,  in  order  to  facilitate  the  produdion  of  elaftic 
fluid,  Dr.  Priestley  obtained,  in  general,  fixed  air;  but 
whereas  the  fixed  air  produced  by  a fimilar  procefs  with 
vegetable  fubftances  is  moftly  mixed  with  nitrous  air,  this  is 
mixed  with  an  elaftic  fluid,  which  is  feldom  nitrous  in  a very 
flight  degree,  but  is  often  phlogifticated  air,  viz.'  in  fuch  a 
fliate  as  extinguifhes  a candle,  does  not  diminifh  common  air,, 
nor  is  itfelf  diminilhed  by  nitrous  air.  Towards  the  end  of 
the  procefs,  the  Dodor  remarks,  “ that  when,  by  means  of 
‘‘  a ftrong  heat,  the  produce  of  air  is  very  rapid,  and  the  air 
full  of  clouds,  it  is,  like  air  produced  from  vegetable  fub- 
“ fiances  in  the  fame  circumftances,  llightly  inflammable,. 
“ burning  with  a lambent,  greenifla,  or  blueifli  flame  J.” 

The  calcareous  fubftances,  in  general,  produce  abundance: 

* Exper.  and  Obfer.  vol.  iii.  p.  288. 
f Ibid.  vol.  ii.  fedt.  7, 

It  Ibid.  vol.  ii,  fed.  8. 


of 


•5  9 8 Of  the  Nature  and  Properties  of  Air^ 

of  fixed  air,  whea  adled  on  by  any  acid,  only  the  ftrongeft 
acids  will  expel  from  them  more  fixed  air  than  the  weakeft  ; 
and  it  happens  to  be  peculiarly  advantageous  for  thofe  who 
want  to  produce  a great  quantity  of  fixed  air,  that  the  vitriolic 
acid  is  both  the  cheapeft  and  ftrongeft  acid,  and,  upon  the 
whole,  the  fitted  for  this  purpofe.  The  phenomena  attend- 
ing the  produdlion  of  fixed  air  from  calcareous  fiibftances, 
&c.  are  themfelves  very  remarkable,  and  furnifh  the  fubjecft 
of  much  fpeculation  in  philofophy. — The  principal  fa(fts  are 
the  following.: — L When  calcareous  earths,  alkalies,  and 
magnefia,  in  their  ufual  ftate,  are  mixed  with  acids,  they 
caufe  an  effervefcence,  and  confequently  the  produdion  of  a 
permanently  elaftic  fluid,  namely,  fixed  air.  II.  Thefe 
fubftances  retain  the  fixed  air  v<ery  obftinately  ; fo  that  a 
ftrong  fire  is  neceflary  to  expel  it  from  magnefia,  and  the 
ftrongeft  is  not  fu'fficient  to  expel  it  entirely  from  fixed 
alkalies,  and  •efpecia.lly  from  calcareous  earths  *.  When 
thefe  fubftances  are  treated,  with  acids,  they  yield  the 
fixed  air,  becau-fe  they  have  a ftronger  attradion  to  thofe 
acids  than  to  the  fixed  air.  III.  The  calcareous  earths 
which  are  infoluble  in  water,  when  deprived  of  the  fixed  air 
become  foluble  in  it.  Thus  lime-ftone  is  not  foluble  in 
water,  but  lime  (viz.  lime-ftone  deprived  of  its  fixed  air)  is 
foluble  in  water.  And  if  thofe  fubftances  deprived  of  their 

Chalk,  lime-ftone,  &c.  after  being  kept  in  a very  ftrong  fire  for  many  hours, 
if  they  are  put  into  acids,  yield  a confiderable  quantity  of  fixed  air  j which 
fhews  that  the  pureft  quick-lime  contains  fome  fixed  air. 
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fixed  air,  are  put  in  a fituation  proper  to  recover  their  loft  fixed' 
air,  they  lofe  the  property  of  being  foluble  in  water.  Thus, 
when  lime-water  is  expofed  to  fixed  air,  the  lime  abforbs  the 
fixed  air,  and,  lofingat  the  fame  time  its  property  of  being  folu- 
ble in  water,  is  precipitated  from  it  in  the  ftate  it  was  before 
calcination  *,  viz.  of  a calcareous  earth  infoluble  in  water,  and 
capable  of  efiervefcing  with  acids  -f*.  IV.  Alkalies,  both  fixed 
and  volatile,  when  deprived  of  their  fixed  air,  become  more 
cauftic,  and  more  powerful  fol vents,  incapable  of  cryftalliza- 
tion,  and  of  effervefcing  with  acids.  But  if  to  thofe  alkalies,, 
and  alfo  earths  rendered  more  cauftic,  their  fixed  air  be  re- 
ftored,  they  acquire  at  once  all  the  properties  they  had  be- 
fore they  were  deprived  of  the  fixed  air,  viz.  they  become 
more  mild,  effervefce  with  acids,  recover  their  weight,  &c. 

Thofe  properties  of  calcareous  earths  and  alkalies  were  af- 
eertained  by  the  learned  Dr.  Black,  who  performed  a variety 
of  decifive  and  well- contrived  experiments,  upon  which  he. 

*■  Lime  may  be  precipitated  from  water  by  fome  other  fubftance,  as  fpirit  of 
wine,  befides  fixed  air.  But,  as  Dr.  Black  juftly  obferves,  in  that  cafe  the  pre- 
cipitated lime  is  ftill  lime  foluble  in  pure  water,  and  nof  calcareous  earth  j for 
it  does  not  efft-rvefee  in  acids.-  Here  the  precipitation  is  occafioned,  not  by 
the  fpirit  of  wine  combining  with  the  lime,  but  by  its  combining  with  the 
wateri. 

f When  lime-water  is  left  expofed  to  the  open  air  for  a confiderable  time, 
the  lime  is  alfo  precipitated  from  it  in  the  form  of  calcareous  earth,  called  cre^ 

mor  calcis  \ fo  that  it  muft  have  acquired  the  fixed  air  from  the  atmofphere. 

The  induratiomof  the  mortar  ufed  in  buildings,  muft  be  alfo  attributed  to  the 
fame,  caufe. . 
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formed  a juft  theory,  viz  that  the  caufticity,  ftiarpnefs,  folu- 
bility,  8cc.  of  tliofe  fubftances,  was  owing  to  the  fixed  air 
being  expelled  from  them  ; and  that  when  they  were  com- 
bined with  a proper  quantity  of  fixed  air,  they  were  mild, 
&c 

The  Dr.  gives  the  epithet  of  mild  to  thofe  fubftances  when 
they  are  combined  with  air,  and  of  cauftic  when  deprived  of 
it,  as  cauflic  calcareous  earthy  caufic  fixed  alkali^  &c. 

Among  the  other  experiments,  Dr.  Black  connefled  two 
phials  by  means  of  a bent  tube  ; in  one  of  which  he  put 
fome  cauftic  fpirit  of  fait  ammoniac,  and  in  the  other  fome 
mild  alkali,  or  mild  calcareous  earth ; then  pouring  through 

“ * Thefe  confiderations  led  me  to  conclude,  that  the  relations  between  fixed 
**  air  and  alkaline  fubftances  v/as  fomewhat  fimilar  to  the  relation  between 

thefe  and  acids  ; that,  as  the  calcareous  earths  and  alkalies  attract  acids  ftrong- 
**  ly,  and  can  be  faturated  with  them  •,  and,  when  we  mix  an  acid  v/ith  an  alkali, 
“ or  with  an  abforbent  earth,  that  the  air  is  then  fet  at  liberty,  and  breaks  out 
“ with  violence  ; becaufe  the  alkaline  body  attratfts  it  more  weakly  than  it  does 
“ the  acid,  and  becaufe  the  acid  and  air  cannot  both  be  joined  to  the  fame 
“ body  at  the  fame  time. 

“ I alfo  imagined,  that,  when  the  calcareous  earths  are  expofed  to  the  aeftion 
“ of  a violent  fire,  and  are  thereby  converted  into  quick-lime,  they  fuffer  no 
“ other  change  in  their  compofition,  than  the  lofs  of  a fmall  quantity  of  water, 
“ and  of  their  fixed  air.  The  remarkable  acrimony  which  we  perceive  in  them 
“ after  this  procefs,  was  not  fuppofed  to  proceed  from  any  additional  matter 
“ received  in  the  fire,  but  feemed  to  be  an  eiTential  property  of  the  pure  earth, 
^ depending  on  an  attradlion  for  thofe  feveral  fubftances  which  it  then  became 
“ capable  of  corroding  or  difiblving,  which  attradlion  had  been  infenfible  as 
**  long  as  the  air  adhered  to  the  earth,  but  difcovered  itfelf  upon  the  fepara- 
**  tion.”  Dr.  Black’s  Exper.  on  Magnefia  Alba,  Qiiick-limej  See. 


a hole 


and  other  permanently  elajlk  Fluids^  1601 

a hole  made  in  the  fide  of  the  latter  phial,  fome  acid  upon 
the  mild  alkali,  fo  as  to  produce  fome  fixed  air,  which,  pair- 
ing through  the  tube  into  the  other  phial,  combined  with 
the  fpirit  of  fal  ammoniac,  and  rendered  it  mild. 

Dr.  Black  even  determines  the  degrees  of  affinity  be- 
tween fixed  air  and  the  above-mentioned  fubftances,  viz. 
that  fixed  air  has  an  attradlion,  firft  to  calcareous  earth,  next 
to  fixed  alkali,  then  to  magnefia,  and  laftly  to  volatile . al- 
kali ; fo  that  mild  volatile  alkali  may  be  deprived  of  its  fixed 
air,  or  may  be  rendered  cauftic,  by  applying  to  it  magnefia 
previoufiy  deprived  of  its  fixed  air,  or  cauftic  fixed  alkali,  or 
quick-lime 

Dr.  Black  feems  to  have  been  the  firft  who  remarked, 
that  when  metals  are  precipitated  from  acids  in  which  they 
are  diflblved,  by  the  addition  of  a mild  alkali,  or  calcareous 
earth,  the  fixed  air  is  feparated  from  the  alkali  or  earth,  and 
is  combined  with  the  metallic  precipitate.  He  alfo  attributes 

* Notwithftanding  the  convidlion  with  which  this  theory  feems  to  be  attend- 
ed, “ it  has  yet  met  with  much  oppofition  from  fome  German  and  French 
“ chymifts,  who  adopt  the  theory  of  Mr.  Mayer,  concerning  the  principle 
which  he  called  acidum  pingue.  On  the  other  fide.  Dr.  Black’s  dodfrine 
has  been  ably  fupported  and  confirmed  by  Mr.  Jacquin,  in  a treatife  called 
“ Examen  Chemicum  Dotlrina  Mayeriana  de  Acido  pingui  et  Blackian^  de  acre 
“ fixo.  And  this  treatife  has  been  attacked  by  Mr.  Crantz,  in  his  Rediificatio 
“ Examinis  Chemici  'Dotirina  Mayeriana^  &c.” 

Mr.  Lavoisier,  after  all,  undertakes  aferies  of  accurate  experiments  in  order 
to  clear  up  this  difpute,  which,  as  appears  from  his  Eflays  Phyfical  and  Chy- 
mical,  confirms  the  truth  of  Dr.  Black’s  experiments  and  theory,  without 
leaving  any  apparent  doubt  concerning  it. 
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the  fulminating  property  of  fulminating  gold  to  the  fixed' 
air,  which  adheres  to  the  gold  precipitated  by  mild  alkalies. 

Some  time  ago,  when  the  fubjedt  of  elaftic  fluids  was  juft 
beginning  to  be  elucidated  by  Dr.  Priestley,  it  was  fuppofed 
by  fome  perfons,  that  the  acidulous  tafte  given  to  water  im- 
pregnated with  fixed  air,  was  owing,  in  great  meafure,  if 
not  wholly,  to  fome  vitriolic  acid,  which  did  either  proceed 
from  the  Calcareous  fubftances  employedi  or  from  the  vitrio- 
lic acid  itfelf,  in  cale  this  was  ufed  for  the  produdlion  of  fixed 
air  from  the  calcareous  fubftances,  in  the  manner  commonly 
pradlifed.  At  the  fame  time  feveral  perfons  doubted,  whe- 
ther the  water  impregnated  with  fixed  air  contained ' any  ■ 
acid  at  all,  fince  it  had  not  the  property  of  reddening  the  • 
fyrup  of  violets,  which  is  one  of  the  great,  characfteriftics  ^ 
of  acids.  At  prefent  (it  being  well  known,  that  whatever 
acid  be  employed  for  the  produdlion  of  fixed  air ; that  when  i 
no  acid  at  all  is  ufed  ; and,  in  fhort,  that  in  whatfoever  man- 
ner the  fixed  air  is  produced,. it  does  always -pofTefs  the  fame- 
properties,  and  gives  the  very  fame  tafte  to  the  water  impreg-  - 
natcd  with  it)  one  can  hardly  fufpedl:  that  its  acidity  is  ow- 
ing to  the  vitriolic  acid^  ; but, , from  the  accurate  experi- - 
ments  and  obfervations  made  by  various  philofophical  per-» 
fons,  efpecially  by  the  ingenious  Mr.  W.  Bewly,  and  by  the ' 

I 

* It  has  been  pretended,  that  fixed  air  had  different  properties,  according  to  its 
different  origin  •,  but  this  is  not  true,  and  probably  the  miflake  may  have  been 
occafioned  from  the  ignorance  of  diftinguifhing  other  elaftic  fluids  that  are  pro-  - 
duced  with  it.  a 
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great  chymift  Mr.  Bergman,  it  appears,  that  fixed  air  is  an 
acid  fui  generis^  which  pofTefies  the  charaderiftic  properties 
of  acids  in  general,  and  has  fome  other  peculiar  properties, 
by  which  it  differs  from  other  acids. — Mr.  Hey,  obferving 
that  water  impregnated  to  faturation  with  fixed  air,  does  not 
redden  the  fyrup  of  violets,  and  that  it  neither  effervefces  nor 
fhews  any  clouds  when  mixed  with  fixed  or  volatile  alkali 
(which  effects  are  fenfibly  produced  by  v/ater  mixed  with  oil 
of  vitriol,  even  in  the  proportion  of  one  drop  of  acid  to  a 
pint  of  water)  feems  to  prove,  that  there  is  no  vitriolic  acid 
in  water  impregnated  with  fixed  air  Upon  this  Mr. 
Bewly  juftly  obferves,  that  fixed  air  is  fo  rare  an  acid,  and 
is  fo  greatly  diluted  in  water,  when  this  is  even  faturated 
with  it,  “ that,”  fays  he,  “ many  of  the  blue  juices  refill:  its 
“ adion  upon  them  ; while  others,  more  fenfible  tefls  of 
acidity  (fuch  as  infufions  of  litmus^  cyanus^  or  cornflower^ 
“ and  a few  others)  readily  announce  its  acid  quality. — As 
“ to  its  not  producing  an  effervefcence  with  alkalies,  it  will 
“ appear  from  the  following  experiments,  that  fuch  effervef- 
“ cence  is,  from  the  very  nature  of  the  thing,  impoffible  in 
“ the  prefent  cafe,  in  which  the  very  contrary  of  an  efi'ervef- 
cence  muft  take  place.  In  all  other  cafes,  when  an  acid 
“ is  added  to  a mild  alkali,  the  mephitic  acid^  as  being  the 
“ leaft  powerful  of  all  the  acids,  is  expelled^  in  its  flats  of 
“ vapour^  or  in  elaflic  bubbles,  which  conftitute  the  appear- 
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“ ance  called  an  effervefcence  ; whereas,  when  the  mephitic 
“ acid  itfelf  is  added  to  an  alkali,  it  is  condenfed,  and  iilently 

abforbed  in  it  d*.” 

Mr.  Bewly  found,  that  paper  tinged  blue,  efpecially  with 
the  fcrapings  of  radifhes,  being  applied  to  a ftream  of  fixed 
air,  whether  any  acid  or  not  had  been  employed  in  its  pro- 
duction,* the  paper  was  prefently  turned  red  * ; that  having 
diluted  fome  liquid  hepar  fulphuris,  in  which  the  alkali  was 
fully  faturated  with  the  fulphur,  with  rain-water,  and  having 
added  to  the  folution  fome  water  impregnated  with  fixed 
air,  the  refult  was  fimilar  to  the  effeCt  produced  by  the  addi- 
tion of  an  acid  to  the  fame  folution,  (viz.  the  liquor  became 
whitifii  and  opaque,  fome  of  the  fulphur  being  precipitated 
on  the  alkali’s  combining  with  the  fixed  air) ; and  that  hav- 
ing diluted  fyrup  of  violets  with  water,  and  having  alfo 
made  different  infufions  of  fome  other  blue  vegetable  flowers, 
he  added  to  each  of  them  a few  drops  of  a folution  of  fixed 
alkali,  fuflicient  to  turn  them  to  g.  green  colour  ; then,  on 
impregnating  thofe  various  folutions  with  fixed  air,  the  infu- 
fion  of  litmus  was  turned  red,  and  the  other  infufions  loft 
their  green  colour.  This  ingenious  philofopher  farther  dif- 
covered,  that  mild  fixed  alkali,  and  alfo  volatile  alkali,  may  be 
neutralized  by  fixed  air,  one  ounce  meafure  of  the  latter 
bein2  about  fuflicient  to  neutralize  between  three  and  four 

-j-  Appendix  to  Priestley’s  Exper.  and  Obfer.  vol.  ii.  N®  i. 

* If  the  infufions  of  flowers,  that  are  turned  red  by  fixed  air,  be  expofed 
to  the  open  air,  the  rednefs  vanilhes  in  a few  hours,  the  fixed  air  efcaping,  ef- 
pecially  in  a hot  place- 
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grains  of  fixed  alkali.  This  may  be  obferved  in  the  follow- 
ing manner  : — Fill  a fmall  phial  with  a ftrong  folution  of 
mild  fixed  alkali,  and  invert  it  into  a cup  containing  the 
fame  folution,  or  in  quickfilver,  then,  by  means  of  a bent 
tube,  throw  fome  fixed  air  into  the  faid  phial,  which  will 
difappear  as  foon  as  it  touches  the  folution. 

In  this  manner  a great  quantity  of  fixed  air  will  be  made 
to  difappear,  excepting  the  fmall  refid uum  of  common  or 
phlogifticated  air,  which  does  always  exift  in  fixed  air ; and 
the  alkaline  folution  gradually  lofes  its  difagreeable  fharp 
tafte  in  proportion  as  it  imbibes  more  and  more  fixed  air. 

Mr.  Bergman,  after  having  expofed  a folution  of  vegetable 
alkali  in  water  to  a large  quantity  of  fixed  air,  did  afterwards 
remove  it  into  a dry  place,  keeping  it  in  an  open  wide 
veflel.  Some  weeks  after,  he  found  feveral  cryftals  formed  at 
the  bottom  and  on  the  fides  of  the  veffel.  They  were  of  a 
prifmatic  form,  did  not  deliquefce  in  the  open  air,  and  in  a 
temperate  degree  of  heat,  they  were  difiTolved  in  four  parts 
of  water.  Thefe  cryftals  being  expofed  to  a ftrong  fire,  loft 
7TZ  of  their  weight,  but  when  diftblved  ftowly  in  acids  they 
loft  7^  of  their  weight ; therefore  it  appears,  that  in  100 
parts  of  thofe  cryftals  there  are  contained  32  parts  of  water, 
20  of  fixed  air,  and  48  of  pure  alkali;  The  cauftic  mineral 
alkali,  being  treated  in  a fimilar  manner,  produced  decaedrous 
or  oBoedrous  cryftals,  having  two  oppofite  angles  moftly 
truncated.  In  100  parts  of  thofe  cryftals  feems  to  be  con- 
tained 16  of  fixed  air,  64  of  water,  and  20  of  pure  alkali. 
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By  properly  calculating  the  weight  loft  by  volatile  alkali,  in 
its  being  rendered  cauftic,  &c.  Mr.  Bergman  deduces  that 
in  loo  parts  of  concrete  volatile  alkali  there  are  12  parts  of 
water,  45  of  fixed  air,  and  43  of  alkali 

Upon  the  whole,  it  appears,  confidering  the  above-men- 
tioned experiments,  and  alfo  the  cryftallization  of  oil  of  tartar 
by  fixed  air,  together  with  other  obfervations,  that  this  per- 
manently elaftic  fluid  is  an  acid  different  from  the  other 
■known  acids  ; that  the  acid  principle  is  efiential  to  its  con- 
ftitution,  and  not  an  acid  added  to  a permanently  -elaftic 
fluid ; at  leaft  they  come  and  go  together,  fo  that  when 
the  acid  is  deftroyed,  the  elaftic  fluid  vanifties ; and  that 
fixed  air,  in  whatever  manner  produced,  does  always  poflefs 
the  fame,  and  not,  as  it  has  been  pretended,  various  proper- 
ties. It  may  neverthelefs  happen,  that  in  fome  circum- 
ftances  the  fixed  air  may  appear  to  have  fome  unufual  pro- 
perties ; but  this  may,  to  all  probability,  be  owing  to  the 
accidental  mixture  of  fome  other  fubftance,  fince  it  is  not 
improbable  that  fixed  air,  like  common  air,  may  be  in 
fome  meafure  altered  by  the  intervention  of  fome  other  ex- 
traneous matter  4* 

Mr.  Fontana’s  experiments  and  obfervations,  publifhed 
in  le  fourfial  de  Phyfque  for  the  year  1778,  fliew  that 
almoft  all  the  animal  and  vegetable  acids  owe  their  acidity 

* De  Acido  Aereo. 

4 For  this  rtafon  the  nitrous  and  marine  acids  fhould  not  be  vifed  in  the 
produdtion  of  fixed  air,  on  account  of  their  volatility. 
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to  a vaft  quantity  of  fixed  air  they  contain.  At  leafl:  thofe 
experiments  fhew,  that  when  various  animal  and  vegetable 
acids  are  deprived  of  their  fixed  air,  their  acidity  vanifiies, 
and  that  when  their  acidity  is  by  fome  means  or  other  de- 
ftroyed,  fixed  air  efcapes  from  them.  Mr.  Fontana  firfi: 
examined  the  acid  of  ants^  difcovered  by  the  great  chymifi: 
Mr.  Margraff.  He  faturated  cauftic  fixed  alkali  with  the 
acid  which  is  extracted  from  ants,  both  by  diftiilation  of  thofe 
infedts,  and  by  exprefiion ; then,  having  firft  evaporated  and 
cryftallized  this  fait,  expofed  fome  of  it  to  a fand-heat  in  a 
glafs  veffel,  and  obtained  fixed  air  from  it,  with  a confidera- 
ble  refiduum  of  phlogifticated  and  inflammablo  air. 

“ All  the  experiments,’*  fays  he^  “ we  have'  related 
“ on  the  acid  obtained  from  ants  by  diftiilation,  fhew,  at 
“ leaft  as  I think,  that  this  acid  is  nothing  elfe  but  fixed  air, 
“ like  that  obtained  from  other  bodies  by  means  of  fire,  of 
“ acids,  or  of  fermentation.  The  certain  fad  at  leaft  is,  that 
‘‘  all  this  acid  is  refolvable  into  fixed  air,  and  that  no  other- 
“ acid  is  found  in  the  alkaline  falts  we  have  employed.” 

Befides  the  acid  of  ants,  Mr.  Fontana  fays  to  have  ex- 
amined  the  acid  that  may  be  extraded  from  fome  other, 
animal  fubftance,  as  from  milk,  from  fat,  from  the  chyle, 
from  butter,  from  fperma-ceti,  and  to  have  found  it  to  confift  - 
alfo  of  fixed  air.  He  only  excepts  the  phofphoric  acid, 
which  he  has  not  yet  Succeeded  to  decompofe. 

As  for  the  vegetable  acids,  it  was  Mr.  Berthollet  who 
firft  advanced  that  their  acidity  was  nothing  more  than  fixed  > 
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air.  This  opinion  was  founded  upon  the  two  following  ex- 
periments of  his,  viz.  He  expofed  to  a ftrong  fire  the  acid 
of  tartar  extraded  by  means  of  nitrous  acid,  and  obtained  a 
conliderable  quantity  of  fixed  air,  which  he  eftimates  to  be 
about  700  the  bulk  of  the  acid  employed.  He  alfo  diftilled 
one  ounce  of  terra  foUata  tartariy  and  obtained  from  it  fixed 
air  mixed  with  a good  portion  of  inflammable  air ; and  fome 
liquor  came  alfo  over  into  the  receiver.  He  conjectures  that 
one  ounce  of  terra  foUata  tart  art  contains  147  grains  of 
alkali,  and  429  grains  of  acid  ; which  quantity  of  acid  con- 
fifls  of  about  13 1 grains  of  fixed  air,  130  grains  of  inflamma- 
ble air,  and  168  grains  of  oil  and  phlegm. — Upon  thofe  two 
experiments  Mr.  Berthollet’s  proportion  feems  too  weakly 
eftablifhed  ; but  Mr.  Fontana’s  numerous  and  accurate  ex- 
periments fcem  to  have  confirmed  it  beyond  any  doubt. 
He  obtained  from  an  ounce  of  cream  of  tartar,  by  means  of 
heat  only,  in  a glafs  vefiel,  62  grains  of  a very  acid 
fluid,  (which,  by  being  neutralized  by  alkalies,  and  expofed 
to  proper  heat,  may  be  all  converted  into  fixed  air)  16  grains 
of  oil,  and  755  cubic  inches  of  elaftic  fluid,  confifting  of  fixed, 
inflammable,  and  very  little  common  air  *.  In  a fimilar 
manner  he  converted  the  acid  of  vinegar  into  fixed  air,  viz. 
from  one  ounce  of  the  terra  foUata  tartari  he  obtained 

* When  the  fixed  air  had  been  abforbed  by  water,  the  refiduum,  although  in- 
flammable, was  in  fome  rr.eafure  diminifhed  by  nitrous  air,  for  which  reafon  Mr. 
Fontana  fays  that  fome  common  air  was  contained  in  it  •,  for  pure  inflamma- 
ble air  is  not  diminifhablc  by  nitrous  air. 
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310  cubic  inches  of  elaftic  fluid,  confifting  of  half  fixed  and 
half  inflammable  air.  From  one  ounce  of  extradl  of  vinegar 
he  obtained  479  cubic  inches  of  elaflic  fluid  ; the  greatefl 
part  of  which  was  fixed  air  and  the  reft  inflammable.  One 
ounce  of  fait  of  vinegar  yielded  440  cubic  inches  of  elaftic 
fluid,  confifting  of  two  thirds  of  fixed  and  one  third  of  in- 
flammable air.  Other  mixtures  of  vinegar,  with  divers  fub- 
ftances,  gave  alfo  fixed  and  inflammable  air.  An  ounce  of 
the  fait  of  tamarinds,  expofed  to  the  fire,  yielded  600  cubic 
inches  of  permanently  elaftic  fluid,  confifting  of  three  quar- 
ters fixed,  and  the  reft  inflammable  air.  One  ounce  of  con- 
centrated juice  of  citron  yielded  336  cubic  inches  of  partly 
fixed  and  partly  inflammable  air,  about  60  grains  of  oil,  and 
2CO  grains  of  an  acid  liquor,  the  acid  part  of  which  may  be 
alfo  converted  into  permanently  elaftic  fluid,  confifting  of 
partly  fixed  and  partly  inflammable  air. 

One  ounce  of  fait  of  verjuice,  expofed  to  the  fire,  yielded  an 
acid  liquor,  fome  oil,  and  322  cubic  inches  of  elaftic  fluid, 

< parts  of  which  was  fixed,  and  the  reft  inflammable  air. 

Ke  obtained  nearly  the  fame  produce  from  all  the  other 
vegetable  falts  that  he  examined  From  an  ounce  of 

* “ II  eft  a obferver  qu*^on  pent  retirer  de  tons  ces  lees,  & de  routes  les 
“ autres  fubftances  vegetales,  plus  au  moins  d’air  fixe,  d’air  inflammable  & 
“ d’air  commun,  d’huile  & de  liqueur  acide,  fuivant  la  maniere  dont  elles  font 
“ preparees,  & fuivant  le  degre  de  feu  qu’on  y applique,  & fuivant  plufieurs 
“ autres  circonftances  qu’on  peut  varier  ^ volonte.  Mats  il  n’eft  pas  tou- 
“ jours  vrai  que  lorfqu’on  a retire  tout  I’air  fixe  des  fubftances  acides  vegetales, 
CCS  mcmes  fubftances  perdenc  toute  leur  acidite.’* 
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Bergman’s  acid  of  fugar,  by  the  a<ftion  of  fire  only,  Mr.  Fon- 
tana obtained  432  cubic  inches  of  elaftic  fluid,  one  third 
of  which  was  fixed  and  the  reft  inflammable  air,  that  was  a 
Jittle  diminifhable  by  nitrous  air.  From  the  acid  falts  of 
other  faccharine  fubftances  he  obtained  nearly  the  fame  refult. 
An  acid  liquor  generally  came  over  in  the  decompofition  of 
thofe  fubftances,  the  acid  part  of  which  liquor  could  be  re- 
•folved  into  fixed  air  without  leaving  back  the  leaft  acidity. 

From  all  the  various  eflential  falts  and  dry  extracfts,  as 
they  are  commonly  prepared  for  medicine,  like  the  fait  of 
fenna,  fait  of  jalap,  &c.  Mr.  Fontana  obtained,  by  the 
action  of  fire,  fome  fixed  air,  inflammable  air,  oil,  and  an  acid 
liquor,  as  in  the  decompofition  of  the  above-mentioned  fub- 
fiances. 

Amongft  the  various  other  objedfs,  Mr.  Fontana  examined 
alfo,  in  a fimilar  manner,  refins,  gums,  and  other  fubftances 
analogous  to  them  Upon  the  whole,  he  finds  that  their 
acid  part  confifts  of  fixed  air  ; fo  that  he  thinks,  that  from 
his  numerous  experiments  it  appears,  that  the  acid  part  of 
animal  and  vegetable  fubftances,  of  gums  and  refins,  is  of 

* “ J’ai  foumis  les  fubdances  gomnieufes  a la  meme  analyfe  que  les  fub- 
“ (lances  refineufes ; j’en  ai  retire  leurs  acides  en  les  diftillant  au  feu,  &j’ai  pu 
“ reduire  tous  ces  acides  en  air  fixe; 

“ Les  huiles  efientielles,  & les  huiles  grafTes  vegetales  m’ont  donne  par  mes 
“ precedes  un  acide  qui  n’eft  que  de  I’air  fixe. 

“ L’acide  contenu  dans  le  cire  eft  aufTi  de  I’air  fixe. 

“ II  paroit  done  deniontre,  que  routes  ces  fubftances  ont  un  acide  de  la  meme 

nature,  & que  cet  acide  eft  de  Pair  fixe.  Et  il  paroit  bien  fur  apres  cela,  que 
‘‘  les  gommes  & les  refines  doivent  leur  origine  au  regne  vegetal. 
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the  fame  nature,  namely,  fixed  air  concentrated  or  reduced 
into  a liquid  form  by  its  union  with  fome  bafis. 

Thofe  fads  do  evidently  render  the  caufe  of  the  formation 
of  fixed  air  in  combuftion  very  doubtful  ; fince  one  cannot 
with  certainty  fay,  whether  the  fixed  air  formed  in  that  cafe 
proceeds  from  the  atmofphere,  viz.  from  a combination  of 
common  air  with  the  phlogifion  of  the  burned  body,  or  is 
detached  from  the  burning  fubdance  itfelf. 

The  experiments  and  obfervations  hitherto  mentioned 
fhew,  that  fixed  air  exids  in  vad  quantity  in  various 
bodies,  which  have  not  the  leait  appearance  of  acidity  ; that 
fome  other  bodies  are  very  acid,  and  contain  proportionably 
lefs  fixed  air ; that  the  fixed  air  in  thofe  bodies  cannot  re- 
tain its  eladic  form  ; and  that  thofe  bodies,  when  deprived 
of  the  fixed  air  they  naturally  contain,  are  decompofed,  fo  as 
to  lofe  fome  of  the  properties  they  had  before 

Dr. 

r I 

* Mr.  Kirwav,  in  the  71ft  vol.  of  the  Phil.  Tranf.  gives  an  account  of 
his  ingenious  method  of  finding  the  fpccific  gravity  of  fixed  air  in  its  fixed  ftate, 
when  combined  with  calcareous  earth  ; from  which  it  appears,  that  fixed  air,  in 
that  ftate,  is  prodigioufiy  concentrated,  and,  were  it  poflible  to  exift  by  itfelf  in 
that  concentrated  ftate,  it  would  be  the  heaviefl;  body  known,  gold  and  platirta 
excepted. 

Mr.  Kirwan  firft  afeertained  the  fpecific  gravity  of  a piece  of  white  marble, 
then  expelled  the  fixed  air  from  a known  weight  of  it  finely  powdered,  by 
means  of  diluted  vitriolic  acid  the  bulk  and  weight  of  the  obtained  fixed  air 
being  afeertained.  Next,  he  calcined  a known  quantity  of  the  fame  fort  of 
marble,  by  keeping  it  in  a white  heat  for  the  fpace  of  14  hours  j after  which, 
being  weighed  again,  and  from  the  weight  loft  by  this  calcination,  the  weight 
of  the  fixed  air,  which  muft  have  efcaped  from  it  according  to  the  above-men- 
tioned experiment,  being  fubtratfted,  the  remainder  is  the  weight  of  water  con- 
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Dr.  Priestley,  confidering  the  origin  of  fixed  air,  thinks, 
that  this  permanently  elaftic  fluid  may  be  a modification  of 

tained  in  the  marble  ; from  which  experiments  it  appears,  that  lOO  grs.  of  the 
marble  contained  32,42  grs.  of  fixed  air,  11,66  grs.  of  water,  and  55>92  grs. 
of  pure  calcareous  earth.  , 

“ I next,”  fays  he^  “ proceeded  to  difcover  the  fpecific  gravity  of  the  lime. 
“ Into  a brafs  box,  which  weighed  607,65  grs.  and  in  the  bottom  of  which  a 
“ fmall  hole  was  drilled,  I fluffed  as  much  as  poffible  of  the  finely-powdered 
“ lime,  and  then  fcrewed  the  cover  on,  and  weighed  it  both  in  air  and  in  water. 
“ When  immerfed  in  this  latter,  a confiderable  quantity  of  common  air  was 
“ expelled  ; when  this  ceafed,  I weighed  it.  The  refult  of  this  experiment  is  as 
“ follows  : 

Grains. 

■—  •—  607,65 

— — — 73>75 

— — io43>5 


— 435>85 

— 256,5 

— 182,5 


“ Weight  of  the  box  in  air  — 

Its  lofs  of  weight  in  water  — • 

“ Weight  of  the  box  and  lime  in  air  - — 

Weight  of  the  lime  fingly  in  air,  — 

“ Lofs  of  weight  of  the  box  and  lime  in  water 
“ Lofs  of  weight  of  the  lime  fingly  — 

“ Hence,  dividing  the  abfolute  weight  of  the  lime  by  its  lofs  in  water,  its 
“ fpecific  gravity  was  found  to  be  2,3908. 

“ From  thefe  data  I deduced  the  fpecific  gravity  of  fixed  air  in  its  fixed  flate; 
for  100  grs.  of  marble  confift  of  55,92  of  earth,  32,42  of  fixed  air,  and 
“ 11,66  of  water.  And  the  fpecific  gravity  of  the  marble  is  2,717.  Now 
“ the  fpecific  gravity  of  the  fixed  air,  in  its  fixed  flate,  is  as  its  abfolute  weight, 
**  divided  by  its  lofs  ofi, weight  in  water;  and  its  lofs  of  weight  in  water  is  as 
“ the,  lofs  of  100  grs.  of  marble,  m'nus  the  Ioffes  of  the  pure  calcareous  earth 
y and  the  water. 

“ Lofs  of  100  gr.  of  marble  36,8  grs. 

“ Lofs  of  55,92  grs.  of  calcareous  earth  2=23,39 

Lofs  of  11,66  grs.  of  water  ^2^ 


*>39 

- - - - 1 1,66 


35>o5 


“ Then  the  lofs  of  the  fixed  air  36,8 — 35,05  = 1,75  ; confequently  its  fpe- 
y cific  gravity  is  ^^=18,52.’’ 
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the  nitrous  or  vitriolic  acid.  The  finding  a great  proportion 
of  fixed  air  in  every  procefs  for  procuring  nitrous  air,  except 
from  metals ; and  particularly  the  produflion  of  fixed  air 
from  nitrous  acid  mixed  with  various  fubflances  which  of 
themfelves  give  no  fixed  air,  even  when  expofed  to  a violent 
fire,  fiem  to  have  induced  him  to  confider  the  fixed  air  as  a 
modification  of  that  acid.  The  fad:  upon  which  he  lays  the 
greater  ftrefs  is,  the  produdion  of  fixed  air  from  fpirit  of 
wine,  when  mixed  with  nitrous  acid.  He  alfo  obtained  fixed 
air  from  vitriolic  acid  mixed  with  fpirit  of  wine,  or  with 
ether  ; upon  which,  “ I ithink,”y^'j  he^  it  is  pretty  evi- 
“ dent,  that  fixed  air  is  2i  faSiitious  JubJlance  ; and  that  the 
“ vitriolic,  as  well  as  the  nitrous  acid,  may  be  converted 
“ into  it 

Confidering  the  above-mentioned  experiments  of  Mr.- 
Fontana,  which  fhew  that  fixed  air  is  obtained  from  the 
decompofition  of  almofi:  every  vegetable  fubftance ; that 
the  adion  of  acids  is  often  capable  to  extricate  permanently 
elaflic  fluid,  of  fome^  fort  or  other,  from  feveral  bodies, 
in  general  much  more  eafily  than  the  • adion  of  fire ; 
we  may  remark,  that  the  converfion  of  the  vitriolic  or  ni- 
trous acid  into  fixed  air,  does  by  no  means  appear  to  be  fo 
evident  as  the  formation  of  dephlogiffcicated  air  out  of  the 
nitrous  acid.  ■ ' 

Let  us  now  examine  the  various  other  properties  of  fixed 


* Exper.  and  Obfer.  vol.  iv.  fed.  35. 
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air;  viz,  its  fpecific  gravity,  its  medicinal  virtue,  its  adion 
upon  animal  and  vegetable  life,  See,  See, 

Calling  the  fpecific  gravity  of  common  air  unitjf,  the 
gravity  of  fixed  air  is,  according  to  Mr.  Fontana,  1,449;. 
according  to  Mr.  Cavendish,  1 ,57  ; according  to  Mr.  Lavoi- 
sier, 1,233  5 according  to  Mr.  Bergman,  1,5  *. — A cu- 
bic inch  of  fixed  air  was  found,  by  Mr.  Fontana,  to  weigh 
0.57  of  a grain,  the  barometer  being  at  a mean  height,  and 
the  thermometer  at  55°.  • 

Fixed  air  has  a kind  of  weak  acid  tafte  or  pungency  ; fo 
that  when  the  ftream  of  it  is  ifliiing  out  of  the  aperture  of  a 
veflel,  in  which  it  is  contained  or  produced,  if  the  mouth  or 
noftrils  be  prefented  to  it,  they  will  be  alTeded  with  a pecu- 
liar and  rather  pleafing  pungency  •f'- 

Fixed  air  extinguifhes  flame,  and  even  a red-hot  piece  of 
charcoal  or  wood.  When  a lighted  wax-candle  is  let  down 
into  a veflel  containing  fixed  air,  its  flame  is  inftantly  put  out ; 
and  the  fmoke,  being  attracted  by  the  fixed  air,  difpofes  it- 
felf  into  parallel  ftrata  like  clouds,  and  is  long  retained 
in  the  fixed  air,  which  remains  in  the  uncovered  veflel 
for  a confiderable  time.  Mr.  Cavendish  found,  that  even 

* Mr.  Bergman  weighed  fixed  air  after  the  manner  commonly  ufed'  to  weigh 
common  air.  He  found,  from  a mean  of  three  experiments,  that  the  weight  of 
fixed  air  was  to  that  of  diftilled  water  as  559X  to  one ; the  thermometer  being 
about  temperate,  and  the  barometer  at  about  a mean  height. — De  Acido  Aereo, 
feft.  24. 

-f  Exper.  and  Obfer.  vol.  i.  p.  83 
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a mixture  of  one  ninth  of  fixed,  and  the  reft  common  air, 
cxtinguiftied  the  flame  of  a candle 

Fixed  air  is  fatal  to  animals  of  every  fort.  The  age, 
healthinefs,  and  vigour  of  different  animals,  occaflons  great 
diverflty  in  the  times  in  which  they  are  deprived  of  life  by  fixed 
air ; thofe  animals,  which  breathe  very  little,  living  a longer 
time  in  it.  Fifhes  die  within  a few  minutes,  in  water  impreg- 
nated with  fixed  air  f.  In  general,  it  has  been  remarked, 
that  the  birds  are  killed  in  the  leaft  time,  next  dogs,  then 
cats,  then  the  amphibious  animals  ; and  laftly,  the  infedts 
live  longer  in  it  than  any  other  fpecies  of  animals  Some- 
times an  animal  does  irrecoverably  lofe  his  life  after  one  or 
two  infpirations  of  fixed  air ; however,  in  general,  they  be- 
come, torpid,  or  lofe  the  ftrength,  and  feem  apparently  dead, 
but  revive  in  the  open  air,  if  they  are  taken  out  of  the  fixed 
air  in  a proper  time  ; otherwife  they  die,  but  without  ftrug- 
gling.  Animals,  by  being  often  confined  in  fixed  air,  and  re- 
moved from  it  before  they  are  killed,  become  in  great  mea- 
flire  habituated  to  that  elaftic  fluid,  fo  that  they  do  not  die 
in  it  as  foon  as  other  like  animals  which  have  not  been  ufed 
to  fuch  experiments.  The  more  common  remarkable  appear- 
ances obfervable  in  the  bodies  of  thofe  animals  that  are  killed 
by  fixed  air,  are  the  following; — The  lungs  are  found  a 
little  collapfed,  (hewing  a few  inflamed  places.  The  right 

* Phil.  Tranf.  for  1766. 

•f  Priestley’s  Exper.  and  Obfer.  vol.  ii.  fed.  13.  N®  3. 

J Bergman  de  Acido  Adeo,  fed.  26. 
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ventricle  and  right  ear  of  the  heart,  the  pulmonary  artery, 
the  vena  cava^  the  jugulars,  and  the  vefTels  of  the  brain,  are 
turgid  with  blood  whereas  the  pulmonary  veins,  the  aorta^ 
together  with  the  left  ventricle  and  left  car  of  the  heart,  are 
moRly  flaccid.  The  mufcular  fibres  of  the  body  are  found 
without  irritability  ; fo  that  even  the  heart,  extradted  whilft 

r 

the  body  is  flill  warm,  fhews  no  fign  of  irritability 

Admitting  Dr.  Priestley’s  elegant  theory  of  refpiration, 
my  reader  mufl:  eafily  conceive,  that  the  fixed  air,  being  in- 
capable of  imbibing  any  phlogiflon,  muft  occafion  the  death 
of  animals,  infomuch  as  the  phlogiflon  is  accumulated  on 
the  lungs,  &c. ; but*  yet  if  we  examine  the  various  appear- 
ances attending  this  phenomenon,  and  the  quicknefs  with 
which  an  animal  is  afFedled  (fince  moft  animals  die  fooner  in 
fixed  air  than  in  water)  it  appears,  that  the  caufe  of  death' 
muft  be  fomething  different  from  a mere  retention  of  phlo- 
giflon in  the  lungs.  Some  perfons  have  attributed  it  to  a 
ftimulus  occafioned  by  the  fixed  air,  others  have  offered 
more  intricate  and  lefs  intelligible  explanations ; but,  in 
truth,  this  matter  flill  remains  to  be  invefiigated. 

Vegetable  life  is  alfo  deflroyed  by  fixed  air.  Plants 
growing  in  full  vigour,  if  introduced  into  receivers  full  of 
fixed  air,  perifh  in  a few  hours  time  ; nor  are  they  recovered 
by  being  afterwards  expofed  to  the  open  air.  Their  ffems 
and  leaves  generally  become  flaccid  and  blackifli.  “ I took,” 

I ' 
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Jays  Dr.  Priestley,  “ three  other  plants,  and  put  one  of 
them  into  a jar  of  air  of  which  two  thirds^  another  into 
“ one  of  which  oite  halfy  and  a third  into  one  of  which  one 
fourth^  was  fixed  air.  But  to  all  appearance,  all  thefe 
“ plants  died  as  quickly  as  the  two  former  had  done  (viz.  in 
“ about  one  day  s time)  which  I believe  was,  in  fad:,  almofi; 
infiantly  ; for  the  cefiation  of  vegetable  life  muft  have 
confiderably  preceded  fuch  vijible  effeSls  of  it  as  the  black- 
“ nefs  and  flaccid  flate  of  the  leaves  and  ftalks  *.’* 

The  Dr.  found,  that  even  a mixture  of  one  eighth  part 
fixed,  and  the  reft  common  air,  was  injurious  to  vegetation  ; 
plants  gradually  deoaying,  and  within  a few  days  perifhing 
in  it  +. — Water,  impregnated  with  fixed  air,  is  alfo  noxious 
to  the  roots  of  plants  X- 

The  colours  of  feveral  flowers  have  been  found  to  be  little 
affeded  by  fixed  air,  excepting  the  red  colour  of  rofes,  which, 
is  changed  within  a few  hours  time,  by  expofure  to  fixed 
air.  The  change,  as  obferved  by  Dr.  Priestley,  in  fome 
of  his  experiments,  was  gradually  from  red  to  blue,  from 
blue  to  green,  from  green  to  yellow,  and  from  yellow  to  a 
dirty  orange-colc  jr. 

* Exper.  and  Obfer.  vol.  iii.  p.  ?ri. 
t Ibid. 

X “ But  the  many  experiments,  fays  Dr.  Priestley,  that  I have  made 
“ fince,  in  1777  and  1778,  have  not  left  a fliadow  of  doubt  on  my  mind,  that 
“ fuch  water  is  hurtful,  and  finally  fatal  to  the  plants  growing  in  it,  at  leaft 
“^to  fprigs  of  mint  i for  I did  not  make  the  trial  with  any  other  plants.”  Ex- 
per.  and  Obfer.  vol.  iv.  p.  330. 
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Mr.  Henry  found,  that  fixed  air  can  preferve  fruit  incor- 
rupt for  a confiderable  time.  He  tried  a bunch  of  Italian 
grapes,  which  being  fufpended  in  the  middle  part  of  Dr, 
Nooth’s  apparatus,  and  being  fupplied  with  plentiful  ftreams 
of  fixed  air  every  day,  was  preferved  without  any  figns  of 
decay  for  about  one  month  longer  than  a fimilar  bunch  fuf- 
pended in  a decanter  containing  common  air.  Strawberries 
and  cherries  he  alfo  found  to  be  preferved  without  decay 
fome  days  longer  in  fixed  than  in  common  air  *.  Indeed, 
fixed  air  preferves  not  only  fruit,  but  refifts  putrefadion  in 
general.  Dr.  Macbride,  in  his  elegant  Efiays  on  Medical 
and  Philofophical  Subjeds,  has  publilhed  various  experiments 
which  demonftrate  this  property  of  fixed  air.  He  found,  that 
not  only  good  meat  was  preferved  incorrupt  for  a confidera- 
ble time,  when  expofed  to  fixed  air,  but  that  the  putrefadion 
of  fubftances  adually  putrid,  was  impeded  by  this  means, 
and  even  that  thofe  fubftances  were  reftored  from  the  putref- 
cent  to  a found  ftate  -j-*.  That  putrefadion  was  checked  by 
fermentation,  was  difcovered  by<S’/r  John  Pringle;  and  Dr. 
Macbride  obferved,  that  this  effed  was  owing  to  the  fixed 
air  produced  in  the  ad  of  fermentation.  But  it  muft  be  ob- 
ferved, that  when  the  found,  or  even  putrid  fubftances,  ex- 
pofe  a very  great  furface  to  the  fixed  air,  as  is  the  cafe  with 


* Priestley’s  Exper.  and  Obfer.  vol.  iii.  The  Appendix, 

•f  “ By  a mixture  of  fixed  z\x^Pays  Dr.  Priestley,  I have  made  wholefome 
“ the  refiduum  of  air,  generated  by  putrefadion  only,  from  mice  plunged  in 
“ water.” — Exper.  and  Obfer.  vol.  i.  p.  loi. 
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milk,  bile,  and  other  fluids  impregnated  with  fixed  air,  and 
alfo  with  fmall  bits  of  meat,  then  they  are  preferved  for  a 
confiderable  tim.e  ; but  large  pieces  of  folid  animal  fubftances, 
as  for  inftance  roundilk  pieces  of  fiefh  of  about  half  a pound 
weight,  do  not  feem  to  remain  incorrupt  much  longer  in 
fixed  than  in  common  air  ; at  leafl  the  difference  is  incon- 
fiderable.  Sir  William  Lee,  baronet,  in  two  of  his  letters  to 
Dr.  Priestley,  informs  him  of  his  having  found,  that  flefh- 
meat,  even  in  the  hot  feafon,  could  be  preferved  wholefome  for 
feveral  days,  by  only  wafhing  it  two  or  three  times  a day  in 
water  impregnated  with  fixed  air ; “ we  have  been  enabled,’* 
fays  he^  “ to  preferve  meat  as  perfectly  fweet  and  good  to 
“ the  extent  of  ten  days,  as  at  the  firfl:  killing  ; and  there 
feems  no  doubt  it  might  be  preferved  much  longer,’*  He 
has  even  recovered  fome  meat  that  had  begun  to  change. 
This  ufeful  difcovery.  Sir  William  juflly- obferves,  may  be 
very  beneficial  to  the  public,  efpecially  to  butchers.  “ Par- 
“ ticularly  a butcher,” he^  ‘‘  who  deals  pretty  largely, 
“ affures  me,  he  found  the  greateft  fuccefs  from  it,  and  only 
“ obje^ls  that  the  veal  was  a little  difcoloured,  though  kept 
“ perfe<Slly  fweet  ^.’* 

It  is  for  its  great  property  of  hindering  putrefadlion,  that 
fixed  air  by  itfelf,  or  incorporated  with  various  fluids,  efpe- 
cially with  water  ; and  that  vegetables,  fugar,  and  other  fub- 
ftances  which  abdhnd  with  fixed  air,  are  very  powerful  re- 

* Appendix  to  the  4th  vol.  of  Exper.  and  Obfer;  . 
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medics  in  putrid  difeafes.  Sir  John  Pringle  fuppofes,  with 
■great  probability,  that  the  frequent  ufe  of  fugar  and  frefh 
vegetables,  which  at  this  time  make  up  a confiderable  part 
of  the  diet  of  the  European  nations,  prevents  thofe  putrid 
difeafes  and'  plagues  which  formerly  were  rather  frequent. 
— Dr.  Macbride,  (hewing  experimentally  that  fixed  air 
is  difcharged  by  fuch  fubftances  as  form  our  common  food, 
afcribes  the  prefervation  of  the  body  from  putrefadion. 
in  great  meafure  to  the  fixed  air,  which  in  the  ordinary  pro- 
cefs  of  digeftion  is  difengaged  from  the  aliment,  and  in.- 
corporates  with  the  fluids  of  the  body. 

Metals  being  precipitated  from  theirfolutions  by  the  additiom 
of  a mild  alkali  or  calcareous  earth,  fhews  that  the  preeipita- 
tion  muft  be  occafioned  by  the  fixed  air  of  the  alkali  or  calca- 
reous fubftance  joining  with  the  metallic  calx  * ; but  yet  of 
the  precipitation  of  a difTolved  metal  by  fixed  air,  when  ufed 
in  its  elaftic  (late,  I know  of  but  one  inftance.  It  was  Mr* 
Hey  of  Leeds  who  found,  that  in  a folution  of  fugar  of  lead 
a precipitation  is  occafioned  by  expofing  fixed  air  to  it. — 
This  precipitate  may  be  re-diflblved  by  addingmitrous  acid. 

Fixed  air  precipitates  the  lime  in  lime-water,  rendering  it 
a calcareous  earth,  fuch  as  it  was  before  calcination  ; and 
that  not  only  when  die  lime-water  is  expofed  to  a body  of 

* Indeed,  in  this  cafe,  not  only  the  fixed  air  combines  with  the  metallic 
precipitate,  but  the  earth  of  the  calcareous  fubftance  or  alkali  combines  at 
the  fame  time  with  the  menftruum  in  which  the  metal  is  difiblved  ; fo  that 
the  precipitation  is  owing  to  both  thefe  caufes  5 viz.  a ’double  combination. 
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fixed  air,  but  alfo  when  water  impregnated  with  fixed  air 
is  added  to  it.  It  is  very  remarkable,  that  if  a quantity  of 
fixed  air,  fufficient  to  faturate  the  lime  contained  in  a given- 
quantity  of  lime-water,  is  expofed  to  it,  the  lime  will  be  pre- 
cipitated that  is,  the  lime-water,  lofing  its  tranfparency, 
becomes  milky,  and  depofits  the  particles  of  lime  ; but  if, 
after  this  precipitation,  more  fixed  air  be  expofed  to  the  fame 
water,  the  precipitated  lime  will  be  re-difiblved;  but  now  itis- 
contained  in  the  water  in  the  ftate  of  calcareous  earth,  that 
is  faturated  with  fixed  air,  and  not  in  the  ftate  of  lime. 
This  is  owing  to  the  property  which  water,  impregnated  with 
fixed  air,  has  of  diflblving  calcareous  earth.  Mr.  Caven- 
dish, who  firft  obferved  this  property,  has  fliewn,  in  the  Phi- 
lofopliical  1 ranfadions  for  the  years  1766  and  1767,  that 
the  calcareous  earth  contained  in  Rathbone-place  water  is 
kept,  dillblved  by  the  fixed  air  exifting  in  it.  Very  probably, 
the  fufpenfion  of  calcareous  earth  in  various  waters  is  owing 
to  thib  prefence  of  fixed  air  ; and  the  depofition.of  the  earthy 
matter,  occafioned  in  thofe  waters  by  boiling  or  long  ftand- 
ing,  is  owdng  to  the  efcape  of  the  fixed  air,  which  is  the 
menftruum  that  kept  it  diftblved.. 

Fixed  air.  unites  with  the  fmoke  of  almoft  every  fubftance  ; 
the  fmoke  being,  retained  in  it,  as  we  obferved  above  of  the 
fmoke  of  a candle. 

Fixed  air  requires  fome  time  before  it  mixes  with  common- 
air,  when  they  are-  expofed  to  each  other  ; fo  that  if  the 
lower  part  of  a veflel  be  filled  with  fixed,  and  the  upper 
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with-common  air,  the  fixed  air,  if  not  agitated,  will  remain 
at  the  bottom  of  the  vefihl  for  feveral  hours,  though  part  of 
it  does,  even  from  the  beginning,  mix  with  the  neareft  por- 
tion of  common  air  But  if  this  mixture  of  thofe  two 
elaftic  fluids,  after  being  kept  long  together,  be  agitated  in 
water,  the  fixed  air  is  abforbed  and  the  common  air  remains. 

Inflammable  and  fixed  air  feem  to  be  not  properly  mif- 
cible  with  each  other ; at  leaf!:,  after  long  ftanding  together, 
they  may  be  feparated  by  agitation  in  water.  If  the  inflam- 
mable air  is  fired  when  fixed  air  is  mixed  with  it,  its  flame 
acquires  a blue  colour : But  of  this  we  fhall  take  notice 
in  the  next  chapter. 

Dr.  Priestley  having  put  together,  by  various  combina- 
tions, in  one  veflTel,  fixed,  common,  nitrous,  and  inflamma- 
ble air,  deduces  from  his  experiments  the  following  general 
conclufion  ; “-that  when  two  kinds  of  air  have  been  mixed, 
it  is  not  poflible  to  feparate  them  again,  by  any  method 
“ of  decantings  or  pouring  them  olfi,  though  the  greatefl: 

poflible  care  be  taken  in  doing  it.  They  may  not  proper- 
“ ly  incorporate^  fo  as  to  form  a third  f pedes  of  air ^ poflefled 
“ of  new  properties ; but  they  will  remain  equally  dilfufed 
through  the  mafs  of  each  other  ; and  whether  it  be  the 
“ upper  or  the  lower  part  of  the  air  that  is  taken  out  of  the 
“ veflel,  without  diflurbing  the  refl:,  it  will  contain  an  equal 
mixture  of  them  both.’* 

* Exper.  and  Obfer.  vol.  i.  p.  27.  and  vol.  iii.  p.  303. 
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And  a little  after  he  obferves  as  follows:  ‘‘  Notwithftand- 
“ ing  thefe  experiments,  I do  not  fay  but  that  if  two  kinds 
“ of  air,  of  very  different  fpecilic  gravities,  were  put  into 
the  fame  veffel,  with  very  great  care,  without  the  leaft 
“ agitation  that  might  not  mix  or  blend  together,  they 
“ might  continue  feparate,  as  with  the  fame  care  wine  and 
“ water  may  be  made  to  do  ; but  that,  when  once  they 
have  been  mixed,  they  will  continue  to  be  fo,  like  wine 
“ and  water,  after  having  been  fhaken  together 

Dr.  Priestley,  having  admitted  fixed  to  alkaline  air,  ob- 
tained oblong  and  fiender  cryftals,  which,  eroding  each  other, 
covered  the  fides  of  the  veffel  with  a kind  of  net-work-f. 
It  appears  from  his  experiments,  that  half  a meafure  of  fixed 
air  is  fufficient  to  faturate  a whole  meafure  of  alkaline  air 
By  mere  expofure,  water  imbibes  fixed  air,  more  or  lefs 
readily  according  to  the  quantity  of  furface  it  expofesto  the 
fixed  air,  A pound  of  water,  kept  in  fuch  a yeflel  in  which 
it  may  expofe  a furface  of  20  fquare  inches  to  the  fixed  air, 
will  become  faturated  with  that  elafiic  fluid  in  about  fix 
hours.  It  is  evident,  that  agitation  muft  furnifli  the  readieffc 
method  of  impregnating  w'ater  with  fixed  air  ; fince  in 
that  cafe  the  water  expofes  a vafl:  and  continually  new  fur- 
face to  the  fixed  air.  Water,  when  agitated  in  fixed  air,  be- 
comes fully  faturated  with  it  in  about  two  minutes  time, 

* Exper.  and  Obfer.  vol.  iii,  30. 
f Ibid.  vol.  i.  p.  17 1, 
i Ibid.  vol.  iii.  p.  293, 
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It  is  alfo  evident,  that  when  water  is  expofed  to  fixed 
air,  it  abfoibs  unequal  quantities  of  that  elafiic  fluid  in  equal 
times,  the  quantities  lefTening  by  degrees ; viz.  as  the  water 
becomes  more  and  more  impregnated  with  fixed  air,  fo  its 
attraction,  or  power  of  abforbing  it,  gradually  leflens. 

The  prefTure  of  the  atmofphere  affifts  confiderably  the  re- 
tention of  fixed  air  in  water  ; and,  in  a condenfing  engine, 
water  may  be  impregnated  with  a much  greater  quantity  of 
fixed  air  than  under  the  ufual  prefiTure  of  the  atmofphere. 
And  if  water  impregnated  with  fixed  air  be  put  under  the 
receiver  of  an  air-pump,  the  fixed  air  will  efcape  from  the 
water  as  foon  as  the  air  within  the  receiver  begins  to  be  ex- 
haufted,  the  water  appearing  to  boil.  In  fhort,  water  can- 
not remain  impregnated  with  fixed  air  in  vacuo  — The 
efcape  of  the  fixed  air  is  the  caufe  of  the  boiling  of  ieveral 
liquors,  as  beer,  Pyrmont  water,  8cc.  that  abound  with  it, 
when  under  an  exhaufted  receiver  f. 

Under  the  ufual  preflbre  of  the  atmofphere,  and  in  a tem- 
perate degree  of  heat,  water  can  abforb  a quantity  of  fixed 
air  equal  to  its  own  bulk,  or  v^ery  little  more. 

* Mineral  waters  retain  the  fixed  air  more  obflinately  than  common  water  ar- 
tificially impregnated  with  fixed  air ; which  is  owing  to  fome  other  principle  or 
principles  contained  in  the  mineral  water  j perhaps  to  earthy  particles  and 
metals. 

f If  water  impregnated  with  fixed  air,  inftead  of  being  kept  in  veflels  dole 
flopped,  be  expofed  to  the  open  air,  the  fixed  air  will  efcape  from  it  in  the 
courfc  of  fome  hours.  Mr.  Hey  obferved,  that  if  water  tinged  blue  with  the 
juce  of  tournefole,  and  then  turned  red  by  impregnating  it  with  fixed  air, 
be  expofed  to  the  open  air,  it  recovers  the  blue  colour  again. 
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Cold  alfo  enables  the  water  to  abforb  more  fixed  air,  and, 
on  the  contrary,  heat  leflens  that  power.  The  heat  of  boil- 
ing water  expels  all  the  fixed  air  that  is  artificially  combined 
with  it ; but,  in  order  to  expel  every  particle  of  fixed  air  from 
W'ater,  the  water  artificially  impregnated  with  it  muft  be 
boiled  for  about  half  an  hour,  and  the  mineral  waters  mufl 
be  boiled  for  at  leafl:  two  hours.  Although  water  will  ab- 
forb more  fixed  air  when  cold  than  when  hot,  yet  ice  will 
not  imbibe  any  of  it,  and  water  impregnated  with  fixed  air, 
yields  all  its  fixed  air  the  moment  it  becomes  ice.  Upon  the 
whole,  it  appears  that  water  can  abforb  the  greateft  quantity 
of  fixed  air,  when  it  is  agitated  with  it,  under  the  heaviefi* 
atmofpherical  prelTure,  and  when  coldeft,  except  it  freezes. 
When  fixed  air  is  agitated  in  water,  even  when  the  latter 
is  many  times  greater  in  bulk  than  the  former,^  a final  I por- 
tion of  the  fixed  air  remains  always  unabforbed.  This  re- 
fiduum,  when  the  pureft  fixed  air  is  ufed,  generally  amounts 
to  the  fixtieth  part  of  its  bulk.  The  nature  of  this  refiduum 
is  quite  different  from  that  of  fixed  air ; Dr.  Priestley  j hav- 
ing found  it  to  be  of  the  nature  of  common  air  a little  phlo- 
gifticated.  “ A moufe, yays  he^  ‘‘  will  live  very  well,  though 
“ a candle  will  not  burn,  in  the  refiduum  of  the  purqft  fixed 
“i'ait  that  I can  make  , 

Dr.  Priestley  faturated  a quantity  of  water  with  . fixed 
air,  a refiduuna^  remaining  as  yfu^l,  ^nd  expelled  it 'again  ; 

* Expcr.'-  antJ  Obfer.  vbl.  i.'  46V  ‘ ^ 

’*  4^  L ' ‘ then 
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then  agitating  this  expelled  fixed  air  again  in  other  water, 
found  that  about  the  fixtieth  part  of  it  remained  ftill  unab- 
forbed.  The  Dodlor  repeated  the  experiment  with  every- 
pofiible  precaution  ; viz.  nfcd  water  that  had  been  boiled  for 
above  two  hours  ; began  to  impregnate  it  with  fixed  air 
whilfl:  it  was  yet  hot,  left  it  might  have  imbibed  fome  air 
from  the  atmofphere,  &c.  ; but  it  was  attended  with  the 
fame  refult.  In  explanation  of  this  remarkable  pheno- 
menon, Dr.  Priestley  ofiers  the  following  ingenious  con- 
fidcration  : — ‘‘  Fixed  air,  phlogifticated  with  iron-filings  and 
brimftone,  or  with  the  eledlric  fpark,  I have  difcovered, 
vol.  i.  p.  42,  to  become,  in  a much  greater  proportion 
“ than  ufual,  immifcible  with  water;  and  I therefore  con- 
eluded,  that  this  acid  air  (for  fuch  fixed  air  evidently  is) 
“ by  combining  with  phlogifton,  comes  to  be  a kind  of 
“ air  fimilar  to  common  air;  If  this  be  a juft  account  of 
“ the  former  experiment,  the  fixed  air,  in  this  cafe,  muft  get 
••  phlogifton  from  the  water  with  which  it  was  combined, 

“ and  thereby  become,  in  part,  immifcible  with  water  *. 

Water,  by  being  impregnated  with  fixed  air,  acquires  the 
following  properties,  viz.  its  fpecific  gravity  is  increafed  ; 
and  in  a temperature  of  71*  of  Farenheit’s  thermometer, 
Mr.  Lavoisier  found,  that  the  fpecific  gravity  of  diftilled 
water  is  to  the  fpecific  gravity  of  diftilled  water  impregnated 
with  fixed  air,  as  1,000,000  to  1,000,332  -f.  Mr.  Bergman 

* Exper.  and  Obfer.  voh  ii.  p.  221. 
t EiTays  Phytical  and  Chemical,  p.  247. 
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found,  that  in  a temperature  anfwering  to  - about  the  3^ 
deg,  of  Farenheit’s,  the  weights  of  equal  quantities  of  dif- 
tilled  water,  and  diftilled  water  impregnated  with  fixed  air, 
were  to  each  other  as  i,ooo  to  1,0015  *. 

The  impregnation  of  fixed  air  communicates  to  water 
a kind  of  fubacid  tafte,  like  the  tafle  of  fome  mineral  waters 
called  acidulous  i”.  Befides  the  fubacid  tafte,  the  acidulous 
mineral  waters  tafte,  in  fome  meafure,  difterent  from  water 
artificially  impregnated  with  fixed  air,  which  fhews  that 
fomething  elfe  befides  fixed  air  contributes  to  the  tafte  of 
the  former.  But  by  adding  bits  of  iron  to  water  impreg- 
nated with  fixed  air,  part  of  the  metal  is  foon  difthlved,  and 
then  the  tafte  and  fmell  of  this  water  becomes  very  fimilar  to 
that  of  the  mineral  chalybeate  or  acidulous  waters.  Thus 
an  artificial  chalybeate  water  may  be  made,  which  may  be 
confidered  to  be  fuperior  .to  the  natural  for  medicinal  pur- 
pofes  ; fince  by  art  the  water  may  be  impregnated  with 
more  fixed  air  than  Pyrmont  water  has  been  found  to  con- 
tain 

That  water  impregnated  with  fixed  air  diflblves  iron,  was 
difeovered  by  Mr.  Lane  ; but  Mr.  Bergman  remarked  va- 
rious curious  particulars  relating  to  it.  Having  put  a 
quantity  of  iron  filings  into  water  impregnated  with  fixed 

* De  Acido  Aereo.  fe£t.  4. 

-f-  The  difagreeable  tafte  of  diftilled  water  Is  not  removed  by  impregnating 
the  water  with  fixed  air.  Priestley’s  Exper.  and  Obfer.  vol.  ii.  p.  287. 

X Dr.  Brown R ICG,  examining  the  Pyrmont  water  at  the  fpring’s  head,  never 
found  it  to  contain  fo  much  as  one  half  of  an  equal  bulk  of  air. 
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air,  he  kept  the*vefiel  that  contained  it  in  a cold  place  during 
twenty-four  hows,  after  which  time  he  found  that  part  of 
the  rhetal  had  behn  diffolvedi  When  this  water  was  expofed 
to  the  open  air,  a filiir  of ' very:  minute  metallic  particles, 
which  refleded  warious  colours,  was  formed  upon  it.  The 
weight  of  the  whole  of  this  metallic  depohtion  was  found  to 
be'  equivalent  to  part  of  die  weight'of  the  water. 

It  was  fo  far  in  a metallic  ffate,  that  it  was  att’raded  tfjr  a 
magnet,  and  was  foluble  in  the  mineral  acids  \ This  gredt 
Chymifl  found,  that  water  impregnated  with  fixed  air  dif- 
folves  Zinc,  in  the  metallic ' as  well  as  in  the  calcined 
anti' dffo' mahganefe  aiid  ftsVegtilhs  -f*  ^ . 

Thefe  three  are  the  only  metallic  Tubftances  that  have 
been  found  difibluble  in  water  impregnated  with  fixed  air ; 
and  it  is  very  remarkable,  that  fixed  air  wdll  not  ^attack' any 
of  them  wheii  in.  the  fotm  6f  an*elaflic  fluid  iincdmbined 
with  water."^  ' - 

Various  other  fubflances  are  difibluble  in  water  thus  im- 
pregnated j as  fmall  portions  of  chalk,  and  in  general  of  all 
calcareous  earths,  of  human  calculus,  of  magndia,  and  of 
fome  other  mixed  earthy  fubfiaiiceS. 

It  is  5aidiby  Dr.  Priestley,  in  his  Exjieriments  and  Ob- 


* Mr.  Rovelle  found,  that  water  impregnated  with  fixed  ajr  could  even 
diflblve  fome  of  the  calciform  ores  of  iron. 

"f  By  dilTolving  this  regulus,  in  it,  the  impregnated  water  acquif.es  a,  peculiar 
■odour,  much'like  that  of  bvuned  fat.  De  Acido  Aereo. 
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fervatiorft,  ■ vol,  i.  p.  31,  that  diftilled  water,  impregnated 
with  fixed  air,  does  not  mix  with  foap  fo  readily  as  diflillcd 
water  by  itfelf butil  remember,  that  fome  time  ago,  having 
repeated  this  ’experiment  with  Mr.  Fontana,  we  did  not 
obferve  any  difference  ; the  foap  feemihg  to  have  been  dif- 
folved  with  equal  f u:iMty,  and  in  equal  quantity,  both  in  the 
impregnated  -asin  the  unimpfegnated  water. 

A few  years-agb,  *Mr.  Achari?  pubhifiied,  in  the  ygurnal 
de  Fhyfique^  his  having  m^de,  tvMQ  cryjl  a Is  ofi^the  fame  ffiape 
and  hardnefs  as'>the  native  rock  cryftals,:  by  a flow  filtration 
of  Wa?er  affor  a>ceita!in>mar»ier  impregnated  with  fixed  air. 

I need  notdde’tain  my'^  reader  with"  un  account  of  Mr. 
Achard’s  apparatus  and  method  of  proceeding,  fince  the 
veracity  of  his  difeovery  has  been  juflly  queftioned,  after  that 
upon  accurate  hW  filch  thir/g  cdiild  be  produced  in  En- 
gland, nor,  as  far  as ‘I  am  informed,' by  any  body  elfe  abroad; 
and,  upon  the  whole,  the  thing  feems  to  be  very  unlikely 
to  happen.. 

Fixed  air,  as  it  is  combined  with  water,  fo  may  it  be  com- 
bined with  other  liquors.  Beer,  Wine,  and  other  fermented 
liquors,  may  be  impregnated  with  fixed  air,  and  by  this 
means  their  fharpnefs  may  be  refiored,  , when  they  are  become 
vapid,  or,  as  it  is  commonly  faid,  dead^.  Milk  acquires  an 

f 

* The  acidulous  tafte  communicated  by  the  impregnation  of  fixed  air,  cannot 
be  difeovered  in  beer,  wines,  and,  in  Ihort,  in  fneh  liquors  which  have  much 
tafte  o£  their  own. 
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acidulous  tafte  by  being  impregnated  with'  fixed  tlir,  and 
is  thereby  preferved  incorrupt  for  fome  days ; which  affords 
a very  eafy  expedient  of  prcferving  miik,  in^thofe  places 
where  it  cannot  be  had  new  very  often,  j ^ Milk  parts  with 
the  imbibed  fixed  air  very  difficultly,  requiring  many  hours 
boiling.  Saliva  has  been  found,  by  Mr.  Henry,  to  abforb 
three  times  its  bulk  of  fixed  air.  Spirit  of  wine  was 
found,  by 'Mr.  Cavendish,  to.  abforb  2 f its  bulk  of  fixed 
air,  the  thermometer  being  at  46  degrees. 

I fhall  here  ad.d  Mr.  Bergman’s  lift  of  the  affinities 
of  fixed  air,  and  then  fhall  conclude  this  chapter  with 
an  account  of  the  medicinal  properties  of  this  permanently 
elaftic  fluid.  • ^ 

Fixed  air  has  affinity  with  the  following  fubftances,  and  in 
the  order  in  which  they  are  fet 

Pure  ponderous  earth. 

Pure  lime. 

Pure  fixed  vegetable  alkali.  i 

Pure  fixed  mineral  alkali. 

Pure  magnefia. 

Pure  volatile  alkali. 

Zinc, 

Manganefe,  and 

Iron. 


* De  Acido  Aereo. 
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With  refpe£t  to  the  other  acids,  fixed  air  appears  to  he  the 
vveakeft  of  them  all,  fince  it  may  be  expelled  by  any  other 
acid. 

Before  it  was  difcovered  that  the  acidulous  tafte  of  cer- 
tain mineral  waters  was  occafioned  by  the  fixed  air,  thofe 
waters,  and  alfo  certain  fermented  liquors,' which  contain 
much  fixed  air,  were  recommended  for  feveral  diforders  inci- 
dent to  the  human  body.  But  it  has  been  lately  difcovered, 
that  the  medicinal  effects  of  thofe  liquors  were  owing  to  the 
fixed  air  contained  in  them  j hence  it  has  been  juftly  recom- 
mended by  Dr.  Priestley  and  others,  to  ufe  water  impreg- 
nated with  fixed  air,  inftead  of  thofe  naturally  acidulous 
waters ; becaufe,  with  a portable  apparatus,  the  water  arti- 
ficially impregnated  with  fixed  air,  may  be  made  in  any  place, 
and  a much  greater  quantity  of  fixed  air  may  be  combined 
with  it,  than  does  commonly  exift  in  the  mineral  waters 
— -This  new  remedy  added  to  the  7nateria  mediea^  fince  it 
was  firft  recommended,,  has  been  ' uled  with  great,  though 

* Here  it  is  not  meant  to  aflert,  that  the  artificial  acidulous  water  fhould'bc 
recommended  in -preference  to  any  mineral  waters,  but  only  in  preference  to 
thofe  mineral  waters  which  are  fuppofed  to  contain  only  fixed  ?ir,  or  to  be  ufcd 
only  on  account  of  the  fixed  air  they  may  contain. — The  efFefts  of  mineral  waters 
are  more  commonly  owing  to  other  fubfiances  contained  in  thofe  waters,  than 
to  the  fixed  air>  of  which  moft  of  them  contain  but  an  inconfiderable  quantity. 
That  by  mixing  fixed  air,  and  feveral  other  fubftances,  fome  mineral  waters 
may  be  imitated,  is  not  only  probable,  but  has  been  adually  done;  But  this  is 
foreign  to  my  fubjeft. 
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not  with  univerfal  good  fuccefs.  Indeed  I do  not  hear 
that  the  ufe  of  it  was  ever  attended  with  any  bad  confe- 
quences  ; and  it  appears,  that  feveral  cafes,  in  which  the  ap- 
plication of  fixed  air  has  not  produced  any  good  efFe(3:, -were 
of  a very  defperate  nature.  The  remarkable  cures  indifpu- 
tably  efFeded  by  the  ufe  of  fixed  air,  eftablifli  its  reputation 
beyond  any  doubt,  and  only  leave  to  find  out  the  extent  of 
its  power,  viz.  the  variety  of  difeafes  for  which  it  may  be 
^ ufed,  and  to  contrive  a greater  variety  of  ways  to  .adminifier 
it  with  facility  and  certainty  in  different  cafes.  , 

Fixed  air  has  been  applied  by  itfelf,  but  more  commonly 
combined  with  other  fubfiances,  efpecially  with  water.- — The 
difeafes  againft  which  it,  has  proved  beneficia.!,  are  princi- 
pally thofe  of  a putrid  nature  : 1^\\q  fcurvy^  .malignant  fe- 
vers^ ulcers^  cancers^  fore-throaty  malignjant  Jmall-.poxy  the 
' Ji  one  of  the  bladder  y and  calculous  concretions  > ' 

Fixed  air  by  itfelf, , viz.  in  an  elaftic  flatCj  has  been  -ap- 
plied, I.  Externally,  by  expofing  a particular  part  of  the  body 
to  the  mouth  of  a veffel  which  contained  the  proper  materials 
for  the  produ(Slion  of  fixed  air.  Sometimes  a:glafs  or  wooden 
veffel,  like  a common  funnel,  or  otherwife  fhaped^  fa  as  to  be 
conformable  to  the  furface  of  that  part  of  the  body  to  which 
the  fixed  air  w^as  required  to  be  applied,  fias  been  fafiened  to 
■ a bladder  containing  fixed  air,  and  then,  gently  prefiing  the 
aperture  of  the  veffel,  See.  upon  the  required  part  of  the  body, 
the  fixed  air  has  been  thrown  upon  it  by  fqueezing  the 
10  ' ' bladder 
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Ijladder  11.  Internally^  by  letting  the  patient  breathe  over 
the  mouth  of  a veflel  out  of  which  the  fixed  air  ifiTues,  in  order 
to  convey  it  into  the  lungs. — This  muft  be  done  with  great 
moderation.  And  by  way  of  clyjiers  J.  In  this  cafe  no  dlf- 
tenfion  of  the  inteftines  (hould  be  apprehended,  fince  fixed 
air  is  eafily  abforbed  by  the  fluids  of  the  body,  provided  care 
be  taken  that  the  leaft  pofTible  quantity  of  common  air  is 
mixed  with  it. 

The  more  common  application  of  fixed  air  has  been  by 
combining  it  with  fome  other  fubftance,  moflly  water,  and 
then  letting  the  patient  drink  it,  or  wafhing,  fome  particular 
part  of  the  body  with  it. — In  the  fecond  part  of  this  treatife, 
p.  304,  we  defcribed  Dr.  Nooth’s  apparatus  for  impregnating 
water  with  fixed  air  ; but  here  it  is  proper  to  add  a few  prac- 
tical remarks  relating  to  the  ufe  of  it. 

Powder  of  marble  may  be  ufed  for  the  production  of  fixed 
air  in  this  apparatus,  in  preference  to  chalk,  only  becaufe  it 
yields  fixed  air  for  a long  time,  whereas  chalk  gives  a great 
quantity  of  it  in  a fhort  time. 

* “ It  is  even  poffible,”  Dr.  Priestley,  “ that  a confiderable  quan- 
“ tity  of  fixed  air  might  be  imbibed  by  the  abforbing  veflels  of  the  fkin,  if 

the  whole  body,  except  the  head,  fhould  be  fufpended  over  a veffel  of 
“ ftrongly  fermenting  liquor  *,  and  in  fome  putrid  diforders,  this  treatment 
“ might  be  very  falutary.”  Exper.  and  Obfer.  vol.  i.  p.  103. 

J For  this  purpofe  the  fixed  air  muft  be  firft  introduced  into  a bladder 
See  p.  264  of  this  treatife. 

t Sometimes  the  powder  of  marble,  without  adding  any  frefti  acid,  will  con- 
tinue to  yield  fixed  air  for  feveral  days  together. 
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When  the  apparatus  is  to  be  fet  to  work,  the  powder  of 
marble  is  firft  put  into  the  lower  veflel,  together  with  the 
diluted  oil  of  vitriol,  and  then  the  middle  veflel  full  of  water 
is  put  upon  it ; and  laftly,  the  uppermoft  veflel,  without  any 
water  in  it,  is  put  in  its  place. 

During  the  elFervefcence,  the  fixed  air  rifes  into  the  mid- 
dle veflel,  and  refts  upon  the  furface  of  the  water  ; part  of 
which,  being  dilplaced,  will  rife  into  the  uppermoft  veflel. 
If  the  apparatus  is  not  moved,  the  water  will  be  fully  im- 
pregnated in  about  four  or  five  hours  time ; but  by  gently 
agitating  now  and  then  the  apparatus,  the  produdion  of  fixed 
air,  as  well  as  the  impregnation  of  the  water,  is  greatly  pro- 
moted. 

When  the  impregnated  water  is  drawn  out  of  the  middle 
vefiTel,  more  frefh  water  muft  be  poured  into  the  upper 
veflel. 

After  the  fame  manner,  milk,  and  other  liquors  ufually 
given  to  patients,  may  be  impregnated  with  fixed  air,  in  thofe 
cafes  which  feem  to  require  it. 

The  ingenious  Mr.  Bewly,  finding  that  mild  fixed  alkali 
is  capable  of  combining  with  a vaft  quantity  of  fixed  air,  as 
we  have  already  taken  notice  of,  juftly  confiders  this  im- 
pregnated fait  to  be  probably  of  great  ufe  in  medicine,  “ in 
“ putrid  difeafes  particularly,  and  in  all  thofe  cafes  where 
“ we  would  wilh  to  introduce  a larger  quantity  of  fixed  air 
“ into  the  fyftem,  than  can  be  condenfed  by,  or  combined 
“ with,  Ample  water.  By  previoully  diffolving  in  this  fluid 
10  “ certain 
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“ certain  quantities  of  fixed  alkaline  fait,  it  may  be  made  to 
‘‘  receive  twice  or  thrice  its  bulk,  or  a ftill  larger  proportion, 
“ of  fixed  air  *. 

The  fcurvy,  when  juft  beginning,  has  been  commonly  cured 
by  the  ule  of  water  impregnated  v^ith  fixed  air ; but  when 
the  diforder  has  been  far  advanced,  the  ufe  of  it  has  feldoin 
proved  beneficial ; though  there  are  fome  indlfputable  cafes  of 
this  fort,  in  which  the  cure  was  evidently  effected  by  the 
fixed  air.  In  thofe  cafes  may  be  ufed,  either  the  water  im- 
pregnated with  fixed  air,  as  firft  fuggefted  by  Dr.  Priestley, 
or  the  infufion  of  malt,  that  is,  fweet-wort,  as  recommended 
by  Dr.  Macbride.  The  patient  may  drink  freely  of  it  f . — 
Dr.  Hulme  recommends  the  following  method  of  admini- 
ftering  fixed  air  : — Take,”y^j  hey  “ of  pure  fait  of  tartar 
“ one  ounce  (troy  weight)  difiblve  it  in  fixteen  ounces  of 
“ common  water,  and  call  it  the  alkaline  mixture,  Alfo, 
“ take  of  weak  fpirit  of  vitriol  two  ounces  meafure,  of  com- 
“ mon  water  fourteen  ounces,  fo  as  to  make  in  the  whole 
“ fixteen  ounces,  to  be  called  the  acid  mixture. 

“ Let  the  patient  take  half  an  ounce  meafure  of  ihe.  alka^ 
“ line  mixture^  in  three  ounces  of  common  water,  four  times 
“ a day  \ and  immediately  afterwards,  let  him  take  half  an 
‘‘  ounce  of  the  acid  mixturey  in  the  lame  quantity  of  water  5 


* Exper.  and  Obfer.  vol.  ii.  p.  356. 

•j-  Although  the  apparatus  for  impregnating  water  with  fixed  air  is  very 
portable,  yet  for  fea-voyages  the  ufe  of  malt  may  perhaps  be  preferred.  This 
fubftance,  when  well  dried,  may  be  kept  many  years. 
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“ and  continue  thefe  medicines  till  the  fcorbutic  fymptont 
difappear,  &c.  If  occaiion  fhould  require,  the  dofe  may 
“ be  increafed  to  double  the  quantity.” 

In  putrid  malignant  fevers,  and  in  feveral  very  alarming 
cafes,  in  which  every  other  remedy  had  been  applied  in  vain, 
the  ufe  of  fixed  air  has  performed  a fpeedy  and  perfedt  cure. 
Indeed,  the  cafes  of  this  fort,  in  which  the  proper  application 
of  fixed  air  has  proved  unfuccefsful,  are  very  few  ; fo  that  it 
leems  rather  firange,  that  fixed  air  is  not  more  generally 
ufed  in  thofe  diforders. — In  cafes  of  this  fort,  the  patient  is 
made  to  drink  freely  the  impregnated  water,  or  other  liquors 
abounding  with  fixed  air  ; and  alfo  clyfters  of  fixed  air  are 
adminiftered  unto  him. 

In  regard  to  the  pulmonary  confumption,  Dr.  Percival, 
in  his  Efiays  Medical  and  Experimental,  fays,  that  having 
tried  fixed  air  in  more  than  thirty  cafes,  the  hedlic  fever  was, 
in  many  inftances,  abated,  and  the  expedlorated  matter  be- 
came lefs  cfienfive  ; but  he  could  never  cure  one  patient 
Bat  others,  as  Dr.  Withering,  Dr.  Hulme,  and  Dr.  Dob- 
son, have  been  more  fuccefsful  ; fome  patients  of  this  fort 
having  been  intirely  cured  by  them.^ 

“ If  mephitic  fays  Dr.  Percival,  “ be  thus  capable 
“ of  corredling ‘purulent  matter  in  the  lungs,  we  may  reafon- 
“ ably  infer  it  will  be  equally  ufeful  when  applied  externally 

* He  remarks,  that  fixed  air  may,  in  no  inconfiderable  quantity,  be  breathed 
without  danger  or  uneafincfs. 

j; 
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^ to  foul  ulcers.  And  experience  confirms  the  conclufion. 
“ Even  the  fanies  of  a cancer^  when  the  carrot  poultice  failed, 
“ has  been  fweetened  by  it,  the  pain  mitigated,  and  a better 
“ digeftion  produced  \ ^ 

In  cafes- of  the  ulcerous  fore-throaty  great  benefit  has  been 
received  by  drawing  the  fixed  air  into  the  fauces. 

In  cafes  of  the  ftone  in  the  bladder,  fixed  ,^air  has  often 
afforded, fingular  benefit.  Jt  is  remarkable^  that* -beforel  any 
thing  was  known  of  the  properties  ot  fixed  air,  feveral  li- 
quors, which  have  been  afterwards  found  to  contain 'abun- 
dance of  fixed  air,  were  often  recommended  for  the  ftone,  in 
the  bladder.  I remember  to  have  read  them  recommended* 
in  fome  old  medical  books.  ^ ’ ' •* 

Dr.  Pri  ESTLEv  has  proved,  that  fixed  air,  detached  from' 
our  aliments,  is’  conveyed  by  the  courfe  of  circulation. into 
the  urincy  and  is  expelled  with  it  ; for,  by  means  of  heatj  he 
has  extracted  fixed  air  from  frelh-made  urinei  And  he  ob^ 
ferves,  that  after  the  procefs,  a confiderablc  whitifti  fediment 
was  found  at  the  bottom  of  the  vefleL  “ This,”y^f  he^ 
“ was  probably  fome  calcareous  matter  with  which  the  fixed 
air  had  been  united  and'by  this  fixed  air  the  calcareous 
matter,  which  would  otherwife'  have  formed  a ftone  or 
“ gravel,  may  have  been  held  in  folution  from  which  he 
juftly  infers,  that  by  drinkiug  water  impregnated  with  fixed* 

‘ ' f i ' 

.f* 

* Priestley’s  Exper.  and  Obfer.  voL  ii.  Appendix,  N*  2S 

‘ air. 
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air,  the  ftone  in  the  bladder  may  be  dillblved,  See  This 
inference  was  afterwards  experimentally  proved  by  Dr.  Per- 
civAL,  See  Exper.  and  Obfer.  vol.  iL  p.  368.  Not  only  the 
water  impregnated  with  fixed  air  after  the  ufual  manner,  but 
other  preparations  produdive  of  fixed  air,  have  been  alfo  ufed. 
Dr.  Hulme  recommends  his  above-mentioned  mixture.  Dr. 
Dobson  gives  the  following  diredions : — “ Let  the  patient 
“ take,  three  times  a day,  an  ounce  of  the  aqua  mephitica 
“ alkalina^  containing  one  fcruple  of  alkaline  fait,  faturated 
with  fixed  air  according  to  the  diredions  of  Mr.  Bewly, 
and  fweetened  with  a little  honey  : let  him  wafli  this 
‘‘  down*  with  half  an  ounce  or  a large  fpoonful  of  lemon- 
“juice,  made  into  lemonade 

It  muft  be  obferved,  that  whenever  fixed  air  is  ufed  in  any 
difeafe,  the  other  ufual  medicines  muft  not  be  omitted ; at 
ieaft  hitherto  it  has  been  given  at  the  fame  time  that  other 
medicines  were  adminiftered. 

I jfhall  now  add  a few  phyfical  cafes,  in  which  fixed  air  has 
been  adminiftered  with  good  fuccefs,  referring  at  the  fame 

^ Exper.  and  Obfer.  vol.  ii.  p.  217  ; and  in  p.  361  of  the  fame  vol.  Dr.  Per- 
civAL,  in  a letter  to  Dr.  Priestley,  obferves  as  follows : “ I have  fovmd,  by 
repeated  trials,  that  calculi^  extracted  from  different  fubje<51:s,  and  varying  in 
'*  -fi^ej’ figure,  and  texture,  are  foluble  in  water  impregnated  with  fixed  air ; that 
“ this  menftruum  is  more  powerful  in  its  operation  even  than  lime-water  j 
“ and  that  though  it  is  inferior  in  efficacy  to  the  vitriolic  acid,  and  the  cauftic 
y alkali,  yet  it  is  more  univerfal  in  its  aftion  than  either  of  them.** 
f Medical  Commentary  on  Fixed  Air,  p.  145. 
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time  thofe  readers,  who  are  delirous  of  reading  farther  ac- 
counts of  fimilar  cafes,  to  the  writings  of  other  authors  f . 

CASE  I.  Related  by  Dr.  Dobson,  in  bis  Commentary 

of  Fixed  Air, 

‘‘  Fuller  Turkey,  about  forty  years  of  age,  was  made  an 
“ out-patient  of  the  holpital,  November  25th,  1773.  He 
‘‘  was  a failor,  and  had  been  cruelly  treated  nine  or  ten 
‘‘  months  before,  when  out  at  fea.  He  was  thrown  down, 
“ and  received  fuch  violent  blows,  when  in  this  fituation, 
“ that  feveral  of  the  ribs  on  the  right  fide  were  broken,  and 
“ the  lungs  much  injured.  The  confequence  of  which  was, 
“ that  he  had  great  pain  in  the  fide,  a very  painful  cough, 
“ and  Ipit  blood  frequently,  and  in  large  quantities.  When 
‘‘  I firft  faw  him,  the  hcsmoptoe  had  ceafed,  but  the  cough 
and  pain  were  worfe,  the  refpiration  very  difficult,  the 
breath  very  offenfive,  with  a copious  expectoration  of 
‘‘  purulent  matter,  night-fweats,  and  the  pulfe  from  120 
“ to  130. 

“ Bleeding  jn  fmall  quantities,  emetics,  anodynes,  demul- 
“ cents,  had  not  the  lead:  power  to  check  the  progrefs  of 
“ the  difeafe ; fo  that  by  December  the  fourth  he  was  be- 
“ come  extremely  weak,  and  not  able  to  quit  his  bed  ; the 
“ refpiration  ftill  more  difficult  and  fuffocating,  the  breath 

r ■ > 

. -f-  The  Appendixes  to  Dr.  Priestley’s  vol  of  Exper.  and  Obfer. ; the  EiTays 
of  Dr.  Macbride,  and  thofe  of  Dr.  Percival  j Dr.  Dobson’s  Commentary- 
on  Fixed  Air  5 &c. 


<1640  Of  the  Nature  and  Properties  of  Air^ 

“ fo  ofFenfive  as  to  taint  the  whole  room,  and  the  pulfe  flill 
“ more  frequent. 

He  was  now  directed  to  receive  into  the  lungs  the 
fixed  air  of  chalk,  detached  by  the  acid  of  vitriol,  and  to 
take  the  fait  of  tartar  and  lemon-juice  in  the  ftate  of  effer- 
“ vefcence  three  times  a day.  In  feven  days,  the  cough  was 
more  moderate,  the  refpiration  eafier,  the  fpitting,  hedlic, 
“ and  night-fweats  diminilhed,  and  the  breath  not  at  all  of- 
“ fenfive.  In  four  weeks  more,  he  had  gotten  flrength  and 
flefh,  and  was  free  from  his  pulmonic  affedions.’* 

. , C A S E II.  By  the  fame 

About  the  fame  time  with  the  above  patient,  a young 
“ gentleman  was  under  my  care,  on  account  of  an  abfcefs  in 
‘‘  the  right  lobe  of  the  lungs. 

“ There  were  repeated' colledions  of  matter,  and  repeated 
^‘  ruptures,  with  great  difcharges  of  blood  as  well  as  pus. 
“The  breath  was  intolerably  offenhve,  and  the  cough  very 
“ painful  and  troublefome,  with  he<fl:ic  and  fweats. 

“This  patient  recovered, 'and  received  evident  benefit 
“ from  the  eff'ervefcing  draughts,  and  the  infpiration  of 
“ fixed  air.” 

CASE  III.  By  the  fame, 

.y  . w : * ' * 

“ Ann  Forbes,  fervant  to  Mr,  Hume,  of  York-ftreet, 
“ Liverpool,'"  had  “the  confluent  flnall-pgx:^  in  Auguft  1773* 
The  weather  was  extremely  hot,  and  the  fymptoms  fo 
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very  unfavourable,  that  there  did  not  appear  the  mod  di(^ 
“ tant  hope  of  her  recovery.  Particular  care  was  taken  to 
“ have  a conftant  fupply  of  frefli  air ; and  the  antiphlogiftic 
“ treatment  was  ftridly  purfued  during  the  inflammatory 
“ fever.  The  difeafe  was  now  advancing  into  the  putrid 
“ ilage  ; and  the  fecond  fever  commenced  with  little  or  no 
“ appearance  of  fuppuration. 

“ Notwithftanding  every  precaution  with  refpe(d  to  the 
“ free  accefs  of  air,  change  of  linen,  and  every  circumftance 

of  cleanlinefs,  the  unlimited  ufe  of  oranges,  lemonade, 
“ and  wine  negus,  this  poor  creature  was  the  mofl  mifer- 
“ able  objecd  I ever  beheld.  She  became  extremely  oflenflve, 
“ and  had  the  appearance  of  one  continued  mafs  of  putrid 
“ ichor  \ the  pulfe  fmall  and  rapid;  and  fhe  had  a conftant 
“ reftleflfnefs,  with  inexpreflible  anxiety. 

“ A purgative  was  directed,  and  a glafs  of  fweet  mountain 
“ after  every  ftool.  The  fymptoms,  however,  became  more 
‘ ‘ alarming,  the  ofFenflvenefs  was  almoft  intolerable,  and  fhe  was 
“ frequently  flck,  agitated,  trembling,  and  like  one  about  to 
“ expire.  In  this  urgent  fltuation  I determined  to  try  the 
“ effects  of  fixed  air  ; and  it  was  given  in  the  manner  already 
“ mentioned. 

“ The  nurfe  and  attendants  foon  obferved  an  agreeable 
“ change.  In  twenty- four  hours  the  putrid  ftench  was  much 
“ diminifhed,  the  breath  of  the  patient  was  not  near  fo  of- 
“ fenflve,  and  the  chamber  was  very  tolerable,  compared 
“ with  what  it  had  hitherto  been.  In  two  days  more,  fhe 
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**  was  ftill  much  better  ; and,  by  repeating  the  purgative, 
“ giving  wine  occahonally,  and  perfevering  in  the  life  of 
“ fixed  air,  her  recovery -was  furprifingly  fpeedy  and  per- 
“ fed. 

“ When  the  patient  has  been  fo  young  as  to  render  it  im- 
pradicable  to  give  fait  of  tartar  and  lemon-juice,  I have 
“ direded  the  naked  body  to  be  held  over  an  effervefcing 
mixture,  or  a ftream  of  fixed  air  to  be  applied  fucceflively 
“ to  different  parts  of  the  body  ; and  by  the  ufe  of  thefe 
“ means,  have  found  the  putrid  fymptoms  powerfully  cor- 
“ reded.” 

CASE  .IV.  Related  by  Dr.  J.  Warren  *. 

“ Mr.  C , aged  twenty-three,  a gentleman  of  great 

“ temperance,  and  of  a good  conflitution,  laboured  under 
“ an  irregular  nervous  fever  for  the  fpace  of  ten  weeks,  at- 
“ tended  for  the  mofl  part  with- delirium,  and  almofl  con- 
“ fla'nt  watchfulnefs. 

“ At  the  expiration  of  this  period,  fymptoms  of  putridity 
“began  to  make  their  appearance;  feemingly,  however, 
“ more  owing  to  emaciation,  and  to  the  long  continuance  of* 
“ his  difeafe,  than  to  any  original  contagion.  The  Peruvian 

r 

“ bark  had,  from  time  to  time,  particularly  during  the  latter 
“ flages  of  his  illnefs,  been  adminiflered  to  him,  which,  on 

“ the  appearance  of  putrefadive  fymptoms,  was  increafed 

\ 

* Priestley’s  Exper.  and  Obfer.  vol.  ii.  p,  377. 


IQ 


a7id  other  permanently  elajik  Fluids,  643 

“ to  the  quantity  of  two  fcruples,  given  in  the  fonn  of  bo- 
“ lus,  with  thirty  drops  of  elixir  of  vitriol,  every  two  hours. 
“ Every  thing  he  drank  was  acidulated  with  the  juice  of  le- 
‘‘  mons  or  oranges;  and  his  common  liquor  was  Port  wine 
“ mixed  with  Pyrmont  water.  This  courfe  was  perlifted  in  for 
‘‘  fome  days ; the  putrid  complaints,  however,  increafed ; 
“ and  fo  great  was  the  foetor  emitted  with  his  breath,  and 
“ ariling  from  his  body,  that,  notwithftanding  his  being  fup- 
“ plied  with  a conftant  fucceflion  of  frefh  air,  and  though 
“ large  quantities  of  vinegar,  lavender-water,  and  rue,  with 
“ other  odoriferous  fubftances,  were  conftantly  made  ufe  of 
“ to  purify  his  room,  yet  all  were  found  perfectly  inelFec- 
“ tual.  His  ftools,  which  at  this  period  coniifted  of  little  elfe 
“ than  putrid  blood,  and  which  came  from  him  in  great 
“ abundance  (in  the  whole  to  the  amount  of  many  pouhds) 
“ were  abfolutely  intolerable  ; nor  was  it  without  much 
“ difficulty  that  the  nurfes  could  be  induced  to  remain  any 
“ longer  near  him.  - 

“ Univerfal  languors,  with  almofi:  total  infenfibility,  now 
“ fupervened  : an  earthy  coldnefs  diffufed  itfelf  through  every 
“ part  of  his  body  ; nor  were  the  hottefl;  fomentations, 
“ though  continued  three  hours  together,  capable  of  pro- 
“ curing  him  any  degree  of  warmth. — Every  breath  he  drew 
“ feemed  to  be  his  lafl:. — In  this  deplorable  lituation  he  con- 
“ tinued  a whole  day ; his  boluffes  were  omitted  through 
“ neceffity ; and  with  difficulty  we  could,  from  time  to  time, 
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get  him  to  fwallow  a few  fpoonfuls  of  fome  warm  cordial 
“ medicine  ; which,  however,  by  continually;  repeating,  be- 
“ gan  at  length,  in  fome  degree,  a little  to  revive  him. 

“ I now  ordered  him  clyfters  of  fixed  air^  of  which  a large 
“ bladder-full,  containing  near  two  quarts  of  air,  was  every 
“ three  or  four  hours  injected  ; and  his  bark  bolu/Tes  were 
‘‘  again  given  to  him  as  often  as  his  flomach  would  allow 
“ him  to  take  them.  In  the  fpace  of  eighteen  hours,  the 
“ cadaverous  foetor  arifing  horn  him  began  to  abate  ; large  - 
“ vibices,  or  putrid  blotches,  were  now,  for  the  iirft  time,, 
“ difcovered  on  almoft  every  part  of  his  body  : his  pulfe,. 
“ however,  was  better,  and  his  warmth  in  fome  little  degree 
“ returned  : the  bolufies  and  clyllers  were  ordered,  to  be 
“ continued.  In  four  or  five  days  the  noifome  fmell  became 
“ imperceptible,  the  vibices  gradually  diminillied,  and  his 
“ fever  left  him.  He  is  now  perfedlly  recovered,  and  a 
“ living  miracle  of  what  fixed  air,,  under  Divine  Providence,, 
“ is  capable  of  effedling  on  the  human  ceconomy,  in  cafes  of 
“ the  worft  and  moft  putrefadive  nature..’' 
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CHAP.  IV. 

Of  inflammahle  Air* 

The  permanently  elaftic  fluid  called  inflammahle  airy 
or  inflammable  gasy  is,  like  fixed  air,  both  the  pro- 
duction of  natural  and  of  artificial  procefles.  It  being 
abundantly  produced  by  putrid  animal  and  vegetable  fub— 
fiances,  and,  in  general,  by  thofe  inflammable  fubftances,  the 
phlogillon  of  which  is  eafily  feparable  from  them  ; it  fol- 
lows, that  in  ail  thofe  places  in  which  like  procefTes  are 
continually  going  on,  there  the  inflammable  gas  is  produced 
hence,  in  caverns  and  mines,  efpecially  coal-mines,  this 
elaflic  fluid  is.  often  found  ; fometimes,  on  breaking  fome 
pieces  of  the  minerals  in  the  mines,  which  probably  difclofes 
fome  hidden  cavity,  the  inflammable  gas  rulhes  immediately 
out.  As  this  is  fpecifically  lighter  than  common  air,  it  al- 
ways afcends  in  it ; lo  that  it  is  not  confined  in  the  mines, 
except  in  fome  vaulted  part  of  thofe  fubterranean  places  y 
for  Gtherwife,  as  foon  as  it  comes  out  of  the  fiffures,  &c, 
it  afcends  upwards  and  mixes  with  the  atmofpherical  air. 

This  gas,,  being  generally  found  mixed  with  much  com- 
mon air,  is  not  fo  noxious  to  the  miners  as  fixed  air  is,  and 
in  that  mixed  ftate  people  may  breathe  it  with  impunity  ; 
but  being  inflammable,  renders  it  very  dangerous  to  bring  any 
lights  in  thofe  places,,  and  even  to  ftrike  a flint  with  fteel 

the. 
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the  Iparks  arlfing  from  it  being  often  fufEcient  to  fire  it. 
Sometimes  it  happens,  that  the  inflammable  air  in  mines 
takes  fire,  and  then  it  explodes  with  great  danger  to  the 
by-flanders,  who  are  fometimes  inftantly  killed  by  it.  From 
this  property  of  taking  fire,  and  exploding,  the  miners,  who 
have  long  been  acquainted  with  this  gas,  call  it  the  fire-damp. 

Befides  thofe  fubterranean  places,  inflammable  air  is  often 
found  in  ditches,  over  the  furface  of  putrid  water,  out  of 
which  it  efcapes  ; in  burying-places,  houfes  of  office,  where 
putrid  vegetable  or  animal  fubftances  are  accumulated  ; and 
may,  by  ftanding  or  by  boiling,  be  extracted  from  the  waters 
of  mofl:  lakes  and  rivers,  efpecially  thofe  wherein  much  fer- 
mentable and  putrefying  matters  are  wafhed,  as  of  the 
Thames,  the  Severn,  8cc. 

It  is  hardly  worth  mentioning,  that  a greater  abundance 
of  inflammable  air  mufl  be  thus  naturally  produced  in  warmer 
than  in  colder  climates,  fince  heat,  accelerating  fermentation 
and  putrefaction,  mufl  evidently  contribute  to  the  quick  and 
abundant  production  of  this  elaftic  fluid. 

In  all  the  ponds  about  London,  efpecially  in  the  fummer 
and  autumn,  inflammable  air  may  be  catched  very  plentifully. 
The  method  is  as  follows: — Fill  a wide-mouthed  bottle  with 
the  V4iater  of  the  pond,  and  keep  it  inverted  therein,  then 
with  a flick  flir  the  mud  at  the  bottom  of  the  pond,  jufl  un- 
der the  inverted  bottle,  fo  as  to  let  the  bubbles  of  air  which 
come  out  of  it  enter  into  the  bottle  ; which  air  is  inflamma- 
ble. When  by  thus  flirring  the  mud  in  various  places,  and 
catching  the  air  in  the  bottle  until  this  is  filled,  a cork  or 
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glafs-ftopper  muft  be  put  over  it,  whilft  (landing  in  water, 
and  then  the  bottle  may  be  taken  home,  in  order  to  examine 
the  contained  inflammable  fluid  at  leifure. 

In  hot  climates,  if  the  mud  at  the  bottom  of  a pond  is 
well  ftirred,  and  immediately  after  a lighted  candle  is  ap- 
proached to  the  furface  of  the  water,  the  inflammable  air 
taking  fire,  a flame  will  be  inftantly  fpread  over  the  furface 
of  the* pond,  affording  a very  curious  fpecflacle  in  the  night- 
time 

Several  meteors  feen  in  the  atmofphere  have  been  fufpecfled 
to  be  the  effedls  of  inflammable  air  fired  by  eledricity.  The 
weak  lightnings,  without  any  explofion,  that  are  fometimes 
obferved  near  the  horizon  in  ferene  weather,  efpecially  in  hot 
climates,  are  confidered,  by  a very  judicious  philofopher,  to 
be  nothing  more  than  inflammable  air  detached  from  the 
earth  by  the  heat,  8cc.  and  fired  by  eledricity,  or  by  fome 
other  unknown  caufe.  Mr.  Volta  of  Como  fuppofes,  that 
the  ignes  fatui  are  occafioned  by  the  inflammable  air  which 
proceeds  from  marfhy  grounds,  and  is  fet  on  fire  by  eledric 
fparks.  Thofe  meteors  commonly  called  falling  Jlars^  he 
fuppofes  to  be  fired  by  the  fame  means. — That  the  atmo- 
fphere is  always,  or  at  leaf!  moflly,  eledrified,  there  is  no 
doubt  ; but  the  prefent  knowledge  of  eledricity  does  not 
enable  us  eafily  to  conceive  how  any  eledric  fparks  may  hap- 
pen in  the  ferene  atmofphere,  capable  to  fire  inflammable 


air. 


* See  a letter  of  Dr.  Franklin’s,  in  Dr.  Prieftley’s  Exper.  and  Obfer.  vol.  i. 
p.  321. 
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Inflammable  and  fixed  air,  and  alfo  phloglfticated  air,  arc 
difcharged  by  our  aliments  in  the  natural  courfe  of  digeftion, 
and  are  expelled  from  the  inteflines  through  the  mouth  or 
otherwife. 

Vanhelmont,  in  his  treatife  de  flatibusy  fedt.  49,  fays, 
“ ^uod  ruBus,  five  flatus  originalis  in  flofnachoy  prout  et  fia- 
“ tus  ibiy  extinguant  jiammam  candel^e,  Stercoreus  autem 
flatus y qui  in  ultimis  formatur  intejlmky  atque  per  anum 
‘‘  erufnpity  tranfnijfus  per  Jlammafn  candelcSy  tranfvolando  ac- 
^^cenditury  ac  flammamdiverficoloremy  iridis  inftar  exprimitP 

There  is,  perhaps,  no  inflammable  fubftance  upon  earth, 
out  of  which,  either  by  heat,  or  by  fermentation,  or  by  men- 
firuums,  fome  inflammable  air  cannot  be  obtained.  But  to 
the  inflammable  elaftic  fluid-s  thus  obtained  from  various  fub- 
ftances,  and  by  various  procefles,  perhaps  no  other  common 
properties  can  be  attributed  Befides  thofe  of  being  inflamma- 
ble, and  of  being  fpecifically  lighter  than  common  air.  For 
the  reft,  they  fhew  material  difference  between  each  other. 
The  fmell,  weight,  power  of  burning,  of  preferving  their 
properties,  and  the  phenomena  attending  their  combuftion, 
are  not  conftantly  the  fame  in  all  the  various  fpecimens  of 
inflammable  air.  Inftead,  therefore,  of  underftanding  this 
fort  of  elaftic  fluid  under  the  name  of  inflammable  gas,  its 
various  fpecies  might  be  more  properly  confidered  to  be  dif- 
tindl  fubftances,  arrangeable,  on  account  of  their  common 
property,  under  the  generic  name  of  inflatnmable  gafes. — 
For  the  prefent,  negledling  their  diftindtions,  we  fhall  take 
I notice 
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notice  of  the  various  artificial  methods  of  obtaining  an  in- 
flammable fluid,  permanently  elaftic  and  invifible,  like  com- 
mon air.  It  is,  however,  necefTary  to  remark  a proper  dif- 
tin6lion  between  an  inflammable  elaftic  fluid,  or  inflammable 
gas,  which  may  be  properly  called  fo,  and  that  which  is 
evidently  made  by  combining  an  inflammable  fubftance  with 
common  air,  which  being  eaflly  feparable  from  the  air,  leaves 
that  refpirable  fluid  in  the  ftate  it  was  before.  Thus  a drop 
of  ether,  put  in  a quantity  or  common  air,  mixes  itfelf  with 
it,  and  takes  fire  at  the  approach  of  flame,  like  a mixture  of 
inflammable  and  common  air  * ; but  if  the  air,  to  which  the 
ether  has  been  added,  is  walked  in  water,  the  ether  is  foon 
feparated  from  it.  I am  aware  that  this  diftintftion  does^not 
admit  of  very  perfpicuous  limits ; and  it  is  probable  that  here- 
after may  be  difeovered,  that  every  kind  of  inflammable  gas 
is  a mixture  of  common  air  with  a fulphur,  or  with  fome- 
thing  elfe  ; but  yet  it  is  proper  to  avoid,  as  far  as  it  is  poflible, 
any  confufion  of  ideas. 

Heat  alone  is  capable  to  cxtradl  a good  deal  of  inflamma- 
ble air  out  of  moft  inflammable  fubftances,  even  from  fome  cf 

* Mr.  Cigna  obferves,  that  air  faturated  with  volatile  alkali  is  inflammable  j 
and  Dr,  Priestley  found  that  alkaline  air  was  inflammable.  The  inflammation 
occafioned  by  approaching  a light  to  the  famous  plant  called  froxinella,  is  owing 
to  its  cflTential  oil,  which,  mixing  with  the  air  about  it,  in  calm  and  hot  weather, 
renders  it  inflammable. 

Were  it  pure  inflammable  air,  it  would,  on  account  of  its  fpecific  gravity, 
leave  the  plant  as  foon  as  it  was  produced. — By  being  tranfmitted  through  feveral 
effcDtial  oils,  common  air  acquires  the  property  of  being  inflammable, 
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the  metals.  Dr.  Hales  obtained  inflammable  air  by  fimply 
diftilling  wax,  pitch,  peafe,  amber,  coals,  and  oyfter- (hells 
But  Dr,  Priestley  has  obtained  it  from  a vaft  many  more 
fubftances.  His  method  is,  to  introduce  the  required  fub- 
ftance  into  a gun-barrel,  to  the  extremity  of  which  a tube  of 
glafs,  or  of  a tobacco-pipe,  was  luted,  and  a flaccid  bladder 
was  tied  to  the  end  of  this  tube,  which  received  the  elaftic 
fluid  produced,  when  the  gun-barrel  was  put  into  the  fire. 
The  Doctor  obferves,  that  in  order  to  get  a confiderable 
quantity  of  inflammable  air  from  various  fubftances,  the  heat 
muft  be  applied  fuddenly.  “ Fosf  fays  he,  ‘‘  notwithftand- 
“ ing  the  fame  care  be  taken  in  luting,  and  in  every  other 
“ refpeeft,  fix  or  even  ten  times  more  air  may  be  got  by  a 
“ fudden  heat  than  by  a flow  one,  though  the  heat 
“ that  is  laft  applied  be  as  intenfe  as  that  which  was  ap- 
“ plied  fuddenly.  A bit  of  dry  oak,  weighing  about  twelve 
“ grains,  will  generally  yield  about  a (heep’s  bladder  full  of 
“ inflammable  air  with  a brifk  heat,  when  it  will  only  give 
“ about  two  or  three  ounce  meafures,  if  the  fame  heat  be 
“ applied  to  it  very  gradually.  To  what  this  difference  is 
“ owing,  I cannot  tell.  Perhaps  the  phlogifton,  being  ex- 
“ tricated  more  ftowly,  may  not  be  entirely  expelled,  but 
form  another  kind  of  union  with  its  bafe  f When  the 

* Mr.  Fontana  fays  to  have  extrafted  a confiderable  quantity  of  inflam- 
mable air  frona  fpathofe  iron,  by  the  adlion  of  fire  only,  applied  to  a niatrafs. 
—Phil.  Tranf.  vol.  Ixix.  p.  360. 

*t*  Exper.  and  Obfer.  vol.  i.  p.  56. 
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Doctor  wanted  to  extract  inflammable  air  from  metals  by 
means  of  heat  only,  he  direded  the  focus  of  a lens  upon  them^ 
whilft  they  were  under  the  exhaufted  receiver  of  the  air- 
pump,  or  were  confined  by  quickfilver. 

From  pure  filings  of  iron,  and  of  fteel  carefully  forted 
with  a magnet,  and  confined  by  quickfilver  in  an  inverted 
glafs  jar,  Dr.  Priestley,  by  means  of  the  focus  of  a lens, 
obtained  fome  permanently  elaftic  fluid,  which,  as  he  ob- 
ferves,  was  weakly  inflammable  f, — “ I found”  (fays  he^  in 
vol.  iii.  of  Exper.  and  Obfer.  p.  166)  “ at  this  time,  that 
“ eleven  grains  of  feel-filings^  from  watch- fprings,  yielded 
“ ~ more  inflammable  air,  than  the  fame  weight  of  iron- 

21  ° 

“ filings ; which  agrees  with  the  hypothefis,  that  fteel  con- 
“ tains  more  phlogifton  than  iron.” 

By  direding  the  focus  of  the  lens  upon  filings  of  zinc,  or 
upon  brafs-duft  in  vacuo,  the  Dodor  obtained  inflammable 
air  that  was  ftrongly  inflammable.  But  from  tin  he  obtained 
an  elaftic  fluid  that  was  weakly  inflammable.  With  other 
metallic  fubftances,  or  with  the  calx  of  any  metal  whatever, 
the  Dodor  had  no  fuccefs. 

From  a mixture  of  iron-filings  and  chalk,  the  Dodor  ob- 
tained, by  means  of  the  lens,  a plentiful  mixture  of  fixed  and 
inflammable  air,  as  might  be  naturally  expeded 

■f  In  forting  the  fteel-filings  for  this  experiment,  the  Doftor  obferves,  that 
care  muft  be  taken  not  to  let  any  other  fubftance  be  mixed  with  them,  “ fince 
“ the  leaft  bit  of  wood,  or  any  vegetable  or  animal  matter,  hardly  difcernible  by 
“ the  eye,  will  yield  more  inflammable  air  than  a confiderable  quantity  of  iron- 
“ filings.” 

:J;  Exper.  and  Obfer.  vol.  ii.  feft.  6. 
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The  elaftic  fluid  expelled  from  charcoal  by  heat  only,  is 
fixed  air  ; but  the  refiduum  of  it,  Dr.  Priestley  found  to 
be  inflammable  — Mr.  Fontana  had  a very  elegant  way 
to  extrail  inflammable  air  from  red-hot  charcoal.  With  a 
pair  of  tongs  he  took  a piece  of  charcoal,  when  thoroughly 
ignited,  and  plunging  it  in  water,  brought  it  inftantly  under 
a Large- mouthed  receiver,  which  was  filled  with  and  inverted 
in  the  \\  ater,  in  order  to  colleil  the  bubbles  of  inflammable 
air  that  proceeded  from  the  charcoal  in  the  ail  of  cooling. 
After  the  fame  manner  he  treated  feveral  pieces  of  charcoal, 
or  the  fame  piece  feveral  fucceflive  times,  until  he  got  a quan- 
tity ol  inflammable  air  fuflicient  for  his  purpofe. 

By  means  of  heat  in  a gun-barrel,  Dr.  Priestley  obtained 
from  pipe  clay,  flift  inflammable  and  then  fixed  air*. — But 
a quantity  of  inflammable  air  is  obtained  together  with  fixed 
air  in  various  cafes,  as  we  have  already  remarked. 

Pit-coal,  by  diflillation,  yields  inflammable  air,  which, 
when  fired  in  a wide-mouthed  phial,  burns  with  a bright 
lambent  flame,  without  explofion  -f- 

By  expofing  to  heat,  in  a gun-barrel,  a mixture  of  calx  of 
zinc  and  charcoal,  or  Pruflian  blue,  Mr.  de  Lassone  obtained, 
an  inflammable  air,  which  burned  without  explofion. 

Dr.  Priestley  found,  that  when  iron-filings  and  brim- 
ftone,  moiiflcned  with  water,  were  confined  by  quickfilver, 
and  fuffered  to  ferment  in  a warm  place,  Ibme  inflammable 

* Exper.  and  Obfer.  vol.  ii.  p.  215. 
t preface. 
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air  was  generated.  Filings  of  zinc  and  brimftone  produced 
the  fame  effedl 

By  taking  e}ed:ric  fparks  in  any  kind  of  oil,  fpirit  cf  wine, 
ether,  or  fpirit  of  fal  ammoniac,  Dr.  Priestley  obtained: in- 
flammable air.  The  oil,  or  other  liquor,  was  confined  in  a 
glafs  tube  by  quickfilver,  and  a wire  was  cemented  in  the 
upper  part  of  the  tube,  through  which  the  fparks  being  fent, 
went  to'the  quickfilver  through  the  oil ; but  after  that  a few 
fparks  had  been  taken,  a quantity  of  inflammable  air  was 
generated,  &c. — Left  the  produdfion  of  inflammable  air 
fliould  be  attributed  to  the  cement  which  faftened  the  wire^ 
the  Dr.  repeated  the  experimerrt  with  ether  in  a glafs  fy- 
phon  ; but  the  inflammable  air  was  generated  as  before. 
This  elaftic  fluid  does  not  lofe  its  inflammability  by  be- 
ing pafled  feveral  times  from  one  veflel  into  another  through 
water  f . 

Alkaline  air,  by  taking  ele<ftric  exploficns  in  it,,  is  changed 
into  inflammable  air  ; but  we  fhall  take  notice  of  it  again 
in  the  chapter  on  alkaline  air. 

- By  means  of  acids,  inflammable  air  is  obtained  in  greater 
abundance,  and  more  readily  J.  Iron,  zinc,  or  tin,  yield’ 

* Exper.  and  Obfer.  vol.  iii.  p.  258. 

t Ibid.  vol.  i.  part.  2.  fedl.  5. 

“ It  is  fomething  remarkable,  that  all  the  acids  that  produce  any  air  by 
**  the  folution  of  metals,  give  inflammable  air,  except  fpirit  of  nitre  only, 
“ which  forms  a different  kind  of  union  with  the  inflammable  principle 
“ makiis;  litrousair,  more  or  lefs  modified  ; in  one  of  which  modifications, 
**  however,  it  is  in  a peculiar  manner  inflammable.”— Prijestley’s  Exper.  and 
Obfer.  vol.  iii.  p.  255. 
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plenty  of  inflammable  air  when  a6led  on  by  diluted  vitriolic 
or  marine  acids. 

If  iron  is  put  into  ftrong  vitriolic  acid,  the  quantity  of 
elaftic  fluid  that  is  produced  is  very  little,  except  heat  be 
applied  to  the  phial,  for  then  the  produdion  of  claftic  fluid 
is  more  copious ; but  this  elaftic  fluid  is  vitriolic  acid  air, 
mixed  with  a fmall  portion  of  inflammable  air,  the  propor- 
tional quantity  of  it  being  lefs  when  the  acid  is  more  con- 
centrated. 

Zinc,  treated  after  the  fame  manner,  produces  the  like 
effeds,  except  that  it  gives  more  elaftic  fluid,  without  the 
application  of  heat,  than  iron  does ; and  the  greateft  part  of 
the  produced  elaftic  fluid  is  inflammable. 

In  order  to  obtain  the  greateft  quantity  of  inflammable  air 
from  iron  or  zinc,  the  vitriolic  acid  muft  be  diluted  with 
much  water,  as  about  one  part  of  ftrong  oil  of  vitriol  to  five 
or  fix  parts  of  water.  Dr.  Priestley  found,  that  eleven 
grains  of  iron  yielded  8 ^ ounce  meafures  of  inflammable 
air  *.  According  to  Mr.  Cavendish,  one  ounce  of  zinc,  dif- 
folved  either  in  the  vitriolic  or  marine  acid,  yields  a quantity 
of  inflammable  air  equal  to  the  bulk  of  356  ounces  of 
water  ; one  ounce  of  iron,  diftblved  by  means  of  vitriolic 
acid,  yields  a quantity  of  inflammable  air  equal  to  the  bulk 
of  412  ounces  of  water;  and  one  ounce  of  tin  yields  half 
as  much  inflammable  air  as  iron  does. 


* Exper.  and  Obfer.  vol.  iii.  p.  165. 
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The  folutions  of  iron,  tin,  copper,  lead,  and  zinc,  in  the 
marine  acid,  produce  marine  acid  air,  and  inflammable  air, 
but  in  various  quantities.  The  proportion  of  the  former  to 
the  latter  is  as  one  to  eight  in  iron,  as  one  to  fix  in  tin,  as 
three  to  one  in  copper  and  lead,  and  as  one  to  ten  in  zinc 
Regulus  of  antimony,  dilfolved  in  marine  acid,  with  the  ap- 
plication of  heat,  yield  a fmall  quantity  of  elaftic  fluid,  which 
is  weakly  inflammable  -j-. 

Dr.  Pr  lESTLEY  obtained  inflammable  air,  not  only  by  dif- 
folving  various  fubftances  in  marine  acid,  but  alfo  by  expoflng 
divers  bodies  to  marine  acid  air,  which  is  probably  the  purefl: 
part  of  the  marine  acid.  Having  admitted  iron-filings  to  this 
acid  air,  they  were  dilPolved  by  it  pretty  faft;  half  of  the  elaftic 
fluid  difappeared,  and  the  reft  was  rendered  unabforbable  by 
water,  and  inflammable.  The  fame  effedi;  was  produced  by  al- 
moft  every  fubftance  which  contains  phlogifton,  as  by  fpirit  of 
wine,  oil  of  olives,  fpirit  of  turpentine,  charcoal,  phofphorus, 
bees- wax,  fulphur,  dry  cork -wood,  pieces  of  oak,  ivory, 
pieces  of  roafted  beef,  and  even  fome  pieces  of  a wliitifb  kind 
of  flint. 

A greater  or  fmaller  portion  of  the  acid  air  was  abforbed, 
and  the  reft  fometimes  was  all  inflammable,  and  often  was 
partly  acid  air,  which  was  foon  abforbed  on  the  adiniftion 
of  water,  and  partly  inflammable  J.  In  £hort,  it  feems  as  if 

* Exper.  and  Obfer.  vol.  i.  p.  145. 

t Ibid.  vol.  iii.  p.  255. 

4:  Ibid.  vol.  i.  part  i.  fed.  29.  and  part  2,  fed.  4. 
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this  acid  air,  having  a great  affinity  with  phlogifton,  feparates 
it  Irom  all  thofe  fubftances  which  contain  it  even  in  fniall 
quantity,  and  from  that  combination  becomes  inflam- 
mable. 

By  means  of  nitrous  acid,  inflammable  air  may  be  ob- 
tained from  various  fubftances  containing  phlogifton  ; but  it  is 
always  mixed  with  nitrous  air,  and  fometimes  alfo  with  fixed, 
and  common  or  phlogifticated  air,  as  we  have  already  men- 
tioned in  the  preceding  chapter.  If  two  parts  of  fpirit  of 
wine,  mixed  with  one  part  of  nitrous  acid,  are  put  into  a 
phial  with  a ground  ftopple  and  tube,  and  the  flame  of  a 
candle  be  applied  to  it,  fo  as  to  heat  it  gradually,  the  in- 
flammable air  will  be  produced  very  readily  ; the  inflam- 
mability of  which  is,  however,  not  very  permanent ; for  by  a 
little  wafhing  in  water  it  may  be  annihilated.  In  the  folu- 
tion  of  moft  fubftances  in  nitrous  acid,  it  generally  happens, 
that  the  elaftic  fluid,  which  is  obtained  towards  the  latter 
end  of  the  procefs,  polTefTes  the  property  of  being  inflam- 
mable : Thus  iron,  diflblved  in  nitrous  acid,  yields  nitrous 
air  ; but  when  the  nitrous  air  ceafes  to  be  produced,  if  the 
heat  of  a candle  be  applied  to  the  folution,  more  elaftic  fluid 
will  be  produced,  which  is  inflammable  ‘‘  The  nitrous 
acid,”  fays  Dr.  Ingenhousz,  “ when  mixed  with  iron- 
“ filings  in  a very  diluted  ftate,  gives,  by  the  affiftance  of 
a moderate  degree  of  heat,  a mixture  of  different  airs, 

* See  Exper.  and  Obfer.  vol.  iii.  p.  133. 
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“ partly  fixed,  partly  common  air,  and  partly  phlo- 
“ gifticated  air  (which  experiment  I faw  at  Abbe  Fon- 

CC  9 ^ I 

TANA  S;  -f. 

Confidering  the  various  produdions  of  different  perma- 
nently elafiic  fluids,  and  the  remarkable  properties  of  the  ni- 
trous acid,  it  is  no  wonder  that,  by  the  adlion  of  this  acid 
upon  the  very  fame  fubflance,  divers  ejaflic  fluids  fhould  be 
produced  in  one  and  the  fame  procefs  ; fince  its  adrion,  as  an 
acid,  may  force  out  of  the  fubPcance  upon  which  it  ads,  the 
elaiiic  fluid  contained  by  that  lubilance  ; its  combining  with 
the  piilogiO.on,  or  other  component  of  ihit  fubdance,  may 
form  ' another  fort  of  permanently  elaftic  fluid  ; and  iafjy, 
by  bemg  itfelf  decompofed,  may  produce  refpirable  or  phlo- 
o’fticatcd  air. 

Dr.  Priestley  has  obtained  inflammable  air  by  diffolving 
zinc  and  iron  in  radical  vinegar  ^ : and  he  has  alfo  obtained 
it  by  means  of  phofphoric  acid.  “ This  acid,”  fays  he^ 
“ however,  refembled  that  of  vitriol  and  radical  vinegar  in 
“ this,  that  it  readily  diffolved  iron,  efpecially  with  the  aid 
“ of  a little  heat,  and  wdth  it  yielded  a flrong  inflammable 
“ air.  But  there  is  fomething  more  remarkable  in  the  pro- 
“ duce  of  inflammable  air  from  it  by  means  of  minium. 

“ In  order  to  try  whether  this  acid  had  any  of  the  pro- 
“ perties  of  the  nitrous,  I mixed  it  with  fome  minium  out 

t Exper.  upon  Vegetables,  p.  1 17. 

* Exper.  and  Obfer.  vol.  iii.  p.  256. 
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of  which  all  the  air  had  been  expelled  by  heat.  This  fub- 
“ fiance,  in  this  ftate,  I had  found,  when  mixed  with  ni- 
‘‘  trous  acid,  yields  dephlogiflicated  air ; but  no  air  at  all’ 
“ with  the  vitriolic  or  the  marine  acid.  The  phofphoric 
“ acid  mixed  with  this  minium  with  little  or  no  fenfible' 
“ heat,  but  the  mixture  expofed  to  the  flame  of  a candle- 
“ yielded  air  very  plentifully,  and  it  was  very  turbid.  I re- 
“ ceived  it  in  lime-water,  but  it  did  not  precipitate  the  lime,, 
“ except  in  the  fmallefl  degree.  The  air  I got  in  this  me- 
“ thod  was  not  affected  by  nitrous  air,  nor  did  it  affed:- 
“ common  air,  but  was  llrongly  inflammable,  burning -with* 
a bright  white  flame  ; and  the  fmell  of  the  air  was  the' 
“ fame  with  that  of  the  flrong  fmell.  of  phofphorus.. 

The  yellow  minium  became  of  a darkifli  grey,  colour,,  or; 
“ nearly  black,  by  this  procefs 

In  regard  to  the  effeds  produced-  by  a mixture  of  acids,. 
Dr.  Priestley  makes  the  following  general  remark  ; — “ It  is. 
“ fomething  remarkable,  that  when  metals  are  diflblved  in  a- 
“ mixture  of  fpirit  of  nitre  and  any  other  acid,  they  ad:  in' 
‘‘  a manner  independently  of  each  other ; and  that  the  ni- 
“ trous  acid,  ading  more  fuddenly  than  the  others,  produces 
its  greatefl:  effed:  at  the  hrfl:,  as  the  quality  of  the  air  dif- 
“ covers ; the  firfl:  produce  in  thefe  cafes  being  always  chiefly, 
“ and  fometimes  almofl:  wholly,  nitrous.  Afterwards,  there 
“ is  an  equal  mixture  of  both,  and  the  laft  produce  is  inflam- 


• Exper.  and  Obfer.  vqI.  iv.  p.  136. 
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“ mable  air.  This  will  alfo  be  feen  to  be  the  cafe  when 
‘‘  thefe  acids  are  impregnated  with  the  nitrous  vapour,  and 
“ the  metals  afterwards  diffolved  in  them. 

“ Ufing  equal  parts  of  oil  of  vitriol  and  fpirit  of  nitre, 
“ diluted  with  water,  in  the  folution  of  iron^  the  firft  pro- 
“ duce,  and  the  greatefl:  part  of  the  bulk  of  the  air,  was 
“ flrong  nitrous  air,  and  the  laft  was  inflammable.  I ob- 
“ ferved  alfo,  that  all  the  nitrous  air  came  very  rapidly,  as  is 
ufual  in  the  folution  of  iron  in  fpirit  of  nitre  ; but  that 
the  moment  the  efled  of  the  fpirit  of  nitre  was  over,  the 
“ air  came  equally  and  moderately  ; and  trom  this  time  the 
“ whole  produce  was  inflammable  air  • 

Inflammable  air  has  been  obtained  by  means  not  only  of 
acids,  but  alfo  of  alkalies.  “ Mr,  De  Lassone  has  obtained 
“ inflammable  gafes  by  diflTolving  zinc  and  iron  in  alkalies* 
“ He  difeovered  that  liquid  volatile  alkali  is  capable  of  dif- 
“ folving  filings  of  zinc ; and  that,  during  the  folution 
“ (which  requires  very  little  heat)  an  inflammable  gas,  capa- 
‘‘  ble  of  fulminating,  when  mixed  with  air,  is  expelled  from 
“ the  mixture,  and  may  be  collected  by  means  of  a proper 
“ apparatus. 

“ He  has  alfo  obtained  a fimilar  gas  from  the  folution  of 
“ filings  of  zinc  by  caujlic  fixed  mineral  alkali^  which  was 
“ applied  to  the  zinc  in  a liquid  ftate,  and  was  aflifted  by  a 
“ boiling  heat. 


Exper.  and  Obfer.  vol.  iii.  p.  171. 
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- “ Filings  of  tron^  although  lefs  foluble  than  thofe  of  zinc, 
“ by  thefe  alkalies,  did  neverthelefs  yield  a gas  no  lefs  in- 
“ flammable  and  detonating  than  the  preceding.  Mr.  De 
Lassone  could  not  diflblve  either  of  thefe  metals  by  means 
“ of  a mild  fixed  alkali.  He  obferved,  however,  during  the 
“ boiling  of  this  alkali  in  a liquid  flate,  with  filings  of  thefe 
“ metals,  that  an  elaftic  fluid  was  produced,  which  was 
found  (he  fays)  to  be  common  air 

Dr.  Priestley  has  obtained  inflammable  air  by  dilTolving 
iron-filings  in  a folution  of  galls ; ‘‘  and  very  probably,”y«yi“ 
he^  “ the  fame  would  be  produced  by  means  of  any  other  af- 
tringent  fubftance.  Indeed  mofl  things,  that  really  decofn- 
pofe  the  metal,  and  do  not  unite  with  the  whole  mafs  of  it, 
“ will,  I imagine,  fet  loofe  the  phlogifton  it  contains,  in  the 
“ form  of  inflammable  air.”^ 

The  Dr.  having  mixed  three  ounces  of  pounded  galls 
with  water,  and  fome  iron-filings,  covered  them  with  a large 
jar  full  of  water,  and  found,  that  in  about  one  week’s  time 
they  had  produced  fix  ounce  meafurcs  of  inflam mab-e  air, 
exactly  like  that  produced  from  iron  by  means  of  acids  f. 

Inflammable  air,  mixed  with  fixed  air,-  is  alfo  obtained 
from  tartar,  or  cream  of  tartar. 

There  is  an  obfervation  to  be  made  upon  the  production 
of  inflammable  air  in  general,  which  is,  that  whether  it  be 
produced  by  the  aCtion  of  heat  only,  or  by  means  of  acids, 

* Treatife  on  Gafes,  London,  1779,  chap,  iw 
+ Exper.  and  Obfcr.  vol.  iv.  ledl:.  34. 
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or  by  fermentation,  its  ftrength,  or  its  inflammability,  is  always 
ftronger  when  the  application  of  heat,  or  other  proccfs,  is 
hajiily  performed,  and  contrariwife. 

The  fpeciflc  gravity  of  inflammable  air,  according  to  Mr, 
Cavendish,  is  to  the  fpeciflc  gravity  of  common  air,  as  i to 
12  nearly,  when  common  air  is  800  times  lighter  than  water. 
According  to  Mr.  Fontana,  when  the  barometer  is  at  a mean 
height,  and  the  thermometer  about  temperate,  a cubic  inch 
of  inflammable  air  weighs  0,035  fpeciflc  gravity 

is  to  that  of  common  air  as  i to  15  nearly.  This  weight, 
however,  is  fuhjedl  to  fome  variation,  ariflng  from  the  various 
origin  of  the  gas,  and  even  in  fome  meafure  from  the  fud- 
dennefs  of  the  procels  for  making  it  ; die  flrongefl  inflam- 
mable air  being  generally  the  lighreft. 

Inflammable  air  has  a very  penetrating  and  difagreeable 
fmell,  which,  like  its  inflammability,  is  flronger  when  it  has 
been  made  by  a quick  procefs  ; fo  that  it  will  then  fmell 
even  through  water. — This  fmell,”  fays  Dr.  Priestley, 
‘‘  is  of  three  diflerent  kinds,  according  as  the  air  is  extradfed 
“ from  mineral,  vegetable,  or  animal  fubflances.  1 he  lafb 
“ is  exceedingly  fetid,  and  it  makes  no  difference,  whether 
“ it  be  extracted  from  a bone,  or  even  an  old  and  dry  tooth, 
“ from  foft  mufcular  flefli,  or  any  other  part  of  the  animal. 
“ The  burning  of  any  fubflance  occiflons  the  fame  fmell ; 
“ for  the  grofs  fume  which  arifes  from  them,  before  they 
“ flame,  is  the  inflammable  air  they  contain,  which  is  ex- 
pelled  by  heat,  and  then  readily  ignited,  Tiie  fmell  of 
10  ' “ inflammable 
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“ inflammable  air  is  the  very  fame,  as  far  as  I am  able'  to 
“ perceive,  from  whatever  fubftance  of  the  fame  kingdom  it 
“ be  extradled.  Thus  it  makes  no  difference  whether  it  be 
“ got  from  iron,  zinc,  or  tin ; frorff  any  >kind  of  wood  ; or,  as 
“ was  obferved  before,  from  any  part  of  an  animal*.” 

The  property  which  gives  the  name  to  this  fort  of  elaftic 
fluid,  affords  a mofl;  admirable  phenomenon  in  philofophy. 
To  obferve  that  an  invifible  fubftance  does  actually  take  fire, 
and  burns  with  a fenflble  and  adlive  flame,  is  very  ftriking 
even  to  the  experienced  philofopher.  Like  other  combuf- 
tibles,  inflammable  . air  cannot  burn  except  it  is  in  contact 
with  good  refpirable  air  Thus,  if  a phial  full  of  inflam- 
mable air  is  opened,  and  the  flame  of  a candle  is  inftantly 
applied  to  its  mouth,  the  inflammable  air  will  make  a flight 
exploflon,  becaufe  part  of  it  is  already  mixed  with  the  com- 
mon air  ; but  afterwards,  the  candle  being  removed,  it  will 
continue  to  burn»quietly  in. the  neck  of  the  phial,  becaufe  in 
that  place  only  it  comes  into  contadl  with  the  common  air. 
Its  .flame  is  weaker  than  that  of  fpirit  of  wine. — A two- 
ounce  phial,  the  mouth  of  which  is  about  a quarter  of  an 
-.inch  in  diameter,  filled  with  the  ftrongeft  inflammable  air 
icxtraded  from  metals,  may  continue  to  burn  for  about  three 

minutes. 


* Exper.  and  Obfer.  vol.  i.  p.  57. 

*f-  When  inflammable  air  is  in  contadl  with  refpirable  air,  it  may  be  eafily 
fired,  not  only  by  the  flame  of  a candle,  but  even  by  a fmall  ^though  not  every) 
..eledtric  fpark.  Mr.  Volta  has  fired  it  by  means  of  a well-lighted  coal  without 

flame. 
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minutes*.  The  phenomena  obfervable  during  this  quiet 
combuflion  of  inflammable  air,  are  the  following  : — V/hilft 
the  gas  is  burning  in  the  neck  of  the  phial,  a fmoke  or  fleam 
is  feparated  from  it,  and  appears  to  defcend  within  the  phial ; 
which  fhews  that  fome  water  is  feparated  from  the  inflam- 
mable air  in  the  a6l  of  burning.  The  appearance  of  the 
flame  is  different  according  to  feveral  caufes.  The  inflam^ 
mable  air  extracted  from  metals  burns  with  a yhitifh  flame,- 
inclining  to  green;  but  between  the  body  of  this  flame  fome 
fparks,  flmilar  to  thofe  occafloned  by  a flint  and  fleel,  are* 
obfervable  on  account  of  their  vivid  red  light ; and  they  dart 
in  every  direction,  but  within  the  limits  of  the  flame.  It 
was  obferved  by  Mr.  Fontana,  that  thefe  fparks  were  ob- 
fervable only  in  the  flame  of  the  inflammable  air  extracted 
from  metals,  and  that  the  inflammable  air  extraded  from 
animal  or  vegetable  fubflances  exhibited  either  none  at  all  or 
very  few  of  them.  ‘‘  The  inflammable  air,”  fays  he^  ‘‘of 
“ metals  itfelf,  if  left  in  contad  with  water  for  a long  time, 
“ or  fhook  in  it  till  it  becomes  lefs  inflammable,  will  in  great 

flame,  by  a red-hot  iron,  and  even  by  a flint  and  fleel.  But  if  not  mixed  with  a 
fufflcient  quantity  of  refpirable  air,  the  inflammable  air  is  fo  far  from  being  ca- 
pable of  afiifling  combuftion,  or  of  being  inflamed,  that,  as  Dr.  Priestley  fays 
in  his  4th  vol.  of  Exper.  and  Obfer.  p.  449,  it  will  extinguifh  a red-hot  coal. 
The  cleflric  fparks  have  no  effed  upon  it,  and  even  gunpowder  may  be  firtd  in 
it  without  any  danger,  and  leaving  it  as  inflammable  as  it  was  before. 

* If  the  air  be  gently  blown  on  one  fide  of  the  aperture  of  the  phial,  whilfl 
the  gas  is  burning  in  it,  fome  of  the  inflammable  air  being  driven  out  of  it,  will 
let  the  flame  be  produced  a little  way  out  of  the  neck  of  the  phial.  Sometimes 
it  will  appear  to  fall  along  the  fides  of  it. 
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“ meafiire  lofe  its  fparkling  property,  and  at  laft  lofes  it 
“ entirely,  when  it  is  become  in  a flate  of  being  hardly  in- 
“ flammable.  I have  obferved,  that  the  inflammable  air  is 
“ the  more  difficult  to  be  decompofed,  by  being  fhaken  in 
water,  as  the  number  of  the  fparks  it  ffiew's  when  burn- 
“ ing  is  greater  ; and,  according  to  this  number  of  fparks, 
the  inflammable  air  makes  flronger  or  weaker  explofions 
“ when  mixed  with  the  dephlogifticated  air 

The  flame  of  the  inflammable  air  extracted  from  v^eire- 

O 

table  or  animal  fubflances,  is  generally  weaker  than  that  of 
the  inflammable  air  of  inetals,  which  is  more  adive 
When  the  inflammable  air  is  mixed  wdth  a little  nitrous  air, 
- and  is  fet  on  fire,  it  burns  with  a green  flame  ; hence  the  in- 
' flammable  air  that  is  obtained  by  means  of  fpirit  of  n’tre 
generally  burns  with  a green  flame,  becaule  in  tl-at  cafe  fome 
nitrous  air  is  generated  along  with  it.  But  inflammable  air, 

* Phil.  Tranf.  vol.  Ixix.  p. 

t In  Rozier’s  Journal  for  Oclober  1777,  is  related  the  following  ingenious 
experiment  of  M.  Chaussier  : — He  filled  a bladder  with  inflammable  air,  w /.ch, 
when  the  bladder  was  preflTed,  efcaped  from  it  through  a tube  fadened  to  its  neck, 
and  having  a copper-ball,  perforated  \vith  one  or  more  holes,  at  its  extremity. 
When  he  direclcd  an  eledric  fpark  to  one  of  the  holes  of  the  copper-ball,  the 
inflammable  air  was  kindled,  and  continued  to  burn  in  a dream  as  long  as  the 
bladder  was  prefTed,  &c.  When,  indead  of  a copper-ball,  the  tube  terminated  in 
a perforated  point,  tiie  ir  flammable  air  which  came  out  of  it  could  not  be  fired 
by  means  of  electric  fparks,  which  in  tlie  ordinary  way  cannot  be  taken  upon 
a pointed  termination  — By  means  of  the  above-mentioned  dream  of  flame  pro- 
ccr-ding  out  of  the  no’e  of  the  ball,  Mr.  Chaussier  fays  to  have  revived  me- 
tallic calxes  without  aduiuon  j and  that  metals  are  melted  eafier  by  this  heat  than 
by  a comoicn  fire. 


when 
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when  mixed  with  fixed  air, . burns  with  a blue  flame. 
When  the  inflammable  air  is  mixed  with  refpirable  air,  it  ex^ 
plodes  on  the  approach  of  flame  with  a report,  the  ftrength 
of  which  is  different  according  to  the  purity  of  the  refpirable 
;iir,  and  to  the  proportion  of  the  quantities  of  the  two  elaftic 
fluids  in  the  mixture. 

According  to  Dr.  Priestley,  inflammable  air  requires  to 
be  mixed  with  about  two  thirds  of  common  air,  in  order  to 
make  the  greatefl:  cxplofion.  But  with  one  third  or  one 
quarter  of,  very  pure  dephlogifticated  air,  inflead  of  the  com- 
mon  air,  the  cxplofion  is  much  more  violent  and  noify. 

Mr.  Cavendish,  in  order  to  examine  the  effed:s  arifing 
from  the  firing  of  inflammable  air,  when  mixed  with  different 
proportions 'of  common  air,  r made  feveral  experiments,  the 
refult  of  which  I fliall,  for  Ihortnefs  fake,  exhibit  in  the 
following  table.  t.  . 


Parts  of  inflammable  and  of  common  Elfedls. 

air  in  the'mixture. 


1 

2 

3 

4 

5 

6 

7 

8 


9.  Was  fired  with  difficulty,  and  made  very 

little  noife.  ' " • . 

8.  Fired  eafily. — The  report  moderately 
loud. 

7.  Loud  cxplofion.  * 

6.  Explofion  little  louder  than  the  former. 

5.  Exploded  like  the  laft. 

4.  An  explofion  not  loud. 

3,  Gentle  explofion. 

2.  Burned  without  noife. 

. + Q 
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In  the  firfl:  of  thefe  experiments,  the  flame  fpread  gradtaall^^^' 
through  the  bottle  ; in  the  three  next,  no  light  .was  per- 
ceived ; in  the  fifth,  a light  was  feen  ; and  in  the  others^ 
the  inflammable  air  continued  to  burn  in  the  neck  of  the 
[^lial  for  fome  time  after  the  exploflon  ; becaufe,  as  Mr;» 
Cavendish  juflly  obferves,  udien  the  mixture  contains  more 
common  than  inflammable  air,  the  common  air  is  not  fuf- 
ficient  to  aflifl:  the  combuftion  of  the  whole  quantity  of  in** 
flammable  air,  fo  that  the  remainder  of  it  burns  on  account 
of  the  common  air,  which,  after  the  exploflon,.  immediatel}^ 
rufhes  into  the  bottle. 

A mixture ‘of  refpirable  and  inflammable  air  may,,  by 
means  of  an  eledric  fpark,  be  flred  in  clofe  veflels  ; in  which 
cafe  it  exerts  a,great  force,  though  not  to  be  compared  to  the 
force  of  gunpowder*  j .and  it  is-upon  this  principle,  that,  the 
inflammable  air-piftols  are  conftruded. 

If  a mixture  of  one  part  inflammable  and  two  parts  re- 
fpirable air,  ,ds  fired  in  a clofe  veflel,  and  be  not  fuffered  to- 
efcape  from  it,,  the  elaftic  fluid  afterwards  remaining  will  be 
found  to  be  phlogifticated  air,  which  feems  to  contain  no 
'fixed  air.  The  bulk  of  this  remaining  elaftic  fluid  is  much 
lefs  than  the  original  quantity.  That  the  combuftion  of 
inflammable  air,  like  other  combuftibles,  phlogifticates  re- 
fpirable air,  and  confequently  that  a certain  quantity  of  re- 
fpirable air  can  afflft  the  combuftion  of  a limited  proportion 

• A quarter  of  an  ounce  of  gunpowder,  or  even  much  lefs,  in  a proper  piftol, . 
drives  a bullet  with  greater  violence  than  ten  cubic  inches  of  a mixture  of  inflam- 
mable and  dephlogifticated  air  in  the  beft  proportion.. 
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of  inflammable  air,  is  elegantly  fliewn  by  an  experiment  of 
Mr.  Warltire 

Inflammable  air,  mixed  with  the  vapour  of  nitrous  acid, 
explodes  in  the  fame  manner  as  when  mixed  with  common 
air.  If  a receiver  filled  with  and  inverted  in  a bafin  of  ni- 
trous acid,  be  filled  with  inflammable  air,  the  bulk  of  the 
elaftic  fluid  will  be  increafed  ; and  if,  afterwards,  removing 
the  receiver  from  the  bafin,  a candle  be  applied  to  its  mouth, 
the  inflammable  air  will  explode  as  if  common  air  had  been 
mixed  with  it ; the  vapours  of  the  riitrous  acid  fupplying 
the  place  of  common  air.  This  mixture  of  inflammable  air. 

i 

* “ I fit,”  Jays  he,  “ a glafs  tube  into  a tapering  cork,  and  that  to  a round- 
“ bottomed  phial,  in  fuch  a manner,  that  a bend  in  the  tube,  .when  hung  over 
the  fide  of  a tub,  be  almoft  two  inches  under  the  water,  but  that  the  end  may 
“ rife  four  inches  higher  than  the  bend.  The  phial  being  charged  with  the? 
“ proper  materials  for  producing  inflammable  air  briflcly,  it  mufl:  be  lighted 
“ as  it  difcharges  from  the  end  of  the  tube,^  and  will  continue  a flame  as  long 
“ as  any  inflammable  air  rifes,  provided  care  is  taken  to  prevent  any  moifture 
“ afcending  along  with  the  air.  The  phial  and  its  tube  being  placed 
“ upon  the  edge  of  the  tub,  a receiver,  fuch  as  for  an  air-pump,  is  to  be  brought 
“ over  the  burning  air,  and  its  edge  funk  in  the  water  upon  the  bend  of  the. 
“ tube.  The  inflammable  air  continues  to  burn  as  long  as  there  is  common 
“ air  in  the  receiver  capable  of  fupporting  the  flame.  The  appearances  in  this 
“ experiment  are  very  remarkable.  About  as  much  inflammable  air  vaniihes 
“ as  is  equal  to  the  bulk  of  the  common  air ; the  burning  is  attended  with^ 
“ much  light  and  heat  the  common  air  is  contrafled  full  a fifth  part  of  its 
“ original  dimenfions  •,  immediately  after  the  flame  is  extinguilhed,  there  ap- 
“ pears,  through  almoft  the  whole  of  the  receiver,  a fine  powdery  fubftance  like 
“ a whitifh  cloud  ; and  the  air  in  the  glafs  is  left  perfeftly  noxious.  The  bent 
“ tube  fhould  be  flipped  from  under  the  receiver  the  inftant  the  flame  goes  our, 
“ to  prevent  the  inflammable  air  mixing  with  the  other  air  in  the  receiver.” — 
Appendix  to  Dr.  Priestley’s  Exper.  and  Obfer.  vol.  iii, 
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and  nitrous  acid,  bears  a very  great  refemblance  to  gunpowder, 
as  they  both  contain  an  inflammable  principle,  and  alfo  the 
nitrous 'acid,  which,  when  decompofed,  produces  refpirable 
air  canable  to  afTifl:  the  combuftion  of  the  inflammable  Tub- 
flance.  But  the  property,  of  exploding,^  which  inflammable 
air  acquires  from  its  union  with  the  vapour  of  nitrous  acid,  is’ 
not  lafling  j fo  that  if  the  inflammable  air  thus  mixed  be 
pafled  from  one  veflel  into  another  through  water,  the  va* 
pours  of  the  acid  are  abforbed  by  the^  water,  and  the  inflam- 
mable air  remains  in  the  flate  it  was  before  * ; which  fhews, 
that  the  vapour  of  the  acid  does  not  properly  combine  with 
the  inflammable  air.  Dr.  Priestley,  who  firffc  difeovered 
this  property  of  inflammable  air,  deduced  the  following  re- 
marks from  his  numerous  experiments,  viz.  “ That  fpirit  of 
nitre  takes  phlogifton  from  inflammable  air,  becoming  of 
“ a deeper  colour  by  this  communication  with  it ; that 
when  the  fpirit  of  nitre  is  weak,  and  phlogifticated,  (as 
‘‘  when  it  is  blue,  or  green)  the  inflammable  air  agitated  in 
^ it  refembles  a mixture  of  nitrous  and  inflammable  air;  and 
“ that  when  the  fpirit  of  nitre  is  flrcng,  and  very  pure,  in- 
“ flammable  air  agitated  in  it  explodes  in  the  fame  manner 
“ as  it  does  in  conjunction  with  dephlogifticated  air  T-’*  In 
the  fame  fection,  he  fubjoins,  that  if  the  inflammable 
“ air  continues  long  in  the  vapour  of  fpirit  of  nitre,  and  be 
“ fired  in  it,  without  ever  being  removed  from  it,  it  returns 

* Even  by  ftanciing  fome  time  the  acid  vapour  is  depofited. 

-f  Exper.  and  Obfer.  vol.  iii..  p.  25o. 
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“ to  its  former  ftate.”  Inflammable  air  contrails  no  union 
with  fixed  air  within  a few  weeks  time  ; however,  after 
being  kept  together  a very  long  time,  they  feem  to  affedl 
each  other  ; but  this  alteration  has  not  hitherto  been  fuf- 
ficiently  examined. 

The  other  permanently  elaflic  fluids,  which  are  inflantly 
abforbed  by  water,  neither  feem  to  enter  into  any  combina- 
tion with  or  to  alter  inflammable  air ; fince,  if  to  the  mix- 
ture of  either  of  them  with  inflammable  air,  water  be  ad- 
mitted, the  former  is  abforbed  by ‘the  water,  and  the  latter 
remains  in  its  natural  flate. 

Inflammable  air  is  either  not  at  all,  or  in  very  fmall 
quantity,  abforbed  by  water,  when  it  is  merely  flanding  in  it 
for  a few  days  It  is  only  to  be  obft^rved,  that  the  furface 
of  the  water  over  which  the  inflammable  air  flands,  is 
covered  with  a thin  film,  which,  when  the  inflammable  air 
has  been  extraded  from  iron,  is  reddifh,  like  ochre ; but  is 
white,  when  the  inflammable  air  has  been  extraded  from 
zinc  'f. 

By  long  flanding  in  water,  Dr.  Priestley  has  obferved, 
chat  the  inflammable  air  is  diminilhed  confiderably,  lofes  all 
its  inflammability,  and  extingiiiflies  flame  ; in  fliort,  it  bc- 

• “ Indeed, Dr.  Priestley,  “ v\hen  it  is  extraded  from  vegetable  or 
“ animal  fubftances,  a part  of  it  will  be  imbibed  by  the  water  in  which  it  ftands ; 
“ but  it  may  be  prefumed,  that  in  this  cafe,  there  was  a mixture  of  fixed  air  cx^ 
“ traded  from  the  fubftance  along  with  it.” — Exp.  and  Obf.  vol.  i.  p.  59. 

f Sometimes  this  film  exhibits  the  various  prifmatic  colours. 
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comes  like  phlogifticated  air.  But  this  efFedt  is  not  conftatit, 
foine  Iiitherto  unobferved  circumftance  feeming  to  interfere. 

Mr.  F ONTANA,  and  alfo  Mr.  Sennabier,  obferved,  that  if 
inllammable  sav  and  water  were  agitated  together  in  a veflel 
clofe  flopped,  the  latter  would  not  abforb  any  of  the  former  ; 
but  if  the  vehel  containing  the  inflammable  air  was  agitated 
in  the  water  of  the  tub,  then  the  abforption  took  place 
Dr.  Priestley  found,  that  by  agitating  inflammable  air  in 
boiled  water  for  about  ten  minutes,  near  one  quarter  of  the 
gas  difappeared,  the  remainder  being  found  to  have  loft  a 
good  deal  of  its  former  qualities;  for,  from  being  highly  nox- 
ious to  animal  life,  undiminifhable  by  nitrous  air,  and  highly 
inflammable,  it  was  now  become  refpirable,  being-juft  like 
common  air  fo  far  phlogifticated  as  juft  to  extinguifh  flame  ; 
was  diminiiliable  by  nitrous  air ; and  was  very  weakly  inflam- 
mable. When  the  inflammable  air  has  been  fo  far  dirniniflied, 
it  explodes  at  once  on  the  approach  of  flame.  By  a longer 
agitation  in  water,  the  Dodtor  found  that  inflammable  air 
loft  quite  its  inflammability,  admitted  a candle  to  burn  in  it, 
and,  in  fhort,  became  very  nearly  as  good  as  common  air  in 
every  refped:.  The  inflammable  air  becomes  fogood,  when, . 
by  agitation  in  water,  half,  or  little  more  than  the  half  of  it 
has  difappeared. 

By  a ftill  longer  agitation.  Dr.  Priestley  obferved,  that 
the  inflammable  air,  after  being  rendered  as  good  as 
common  air,  became  again  phlogifticated,  as  common  air 

* De  la  Fond,  Eflai  for  differeraes  efpeces  d’air,  p.  259' 
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h wont  to  do  j but  the  time  in  which  this  change  hap- 
pens, the  Dodlor  remarks  to  be  very  difficult  to  be  fixed. 

I found, hej  by  repeated  trials,  that  it  was  difficult 
to  catch  the  time  in  which  infiammable  air  obtained  from 
‘‘‘  metals,  in  coming  taextinguifii  flame,  was  in  the  flate  of 
“ common  air ; fo  that  the  tranfition  from,  the^  one  to  tire 
^ other  muft  be  very  ffiort*'.” 

Dr.  Priestley  found,  that  diflilled  water  would  irnbibe 
about  one  fourteenth  of  its  bulk  of  inflammable  air,  without 
having  its  ufual  unpleafant  tafte  changed  by  it  -f 

In  refpecfl  to^  the  abforption  of  elaflic.  fluid  in^  general  by 
water,  due  diftindion  muft  be  made  between  the  quantity  of. 
elaftic  fluid  abforbed,  or  retained  by  the  water,  and  that 
which  difappears  in  confequence  of  being  tranfmitted  through 
the  water  into  the  atmofphere.  The  former  may,  by  boiling, 
be  again  extradled  from,  the  water  y the  latter  is  abfolutely 
loft. 

Notwithftanding  the’  decompofition  of  inflammable  air 
when  mixed  with  w'ater,..  which  is  fliewn  by  what  has  been 

I 

* Exper.  and  Obfer.  vol.  i.  pr.  6€. The  following  is  an  obfervation  of  Dr. 

Priestley,  which  deferves  particular  notice: — “ It  is  not  a little  remarkable, 

^ that  thofe  kinds  of  air  which  never  had  been  common  air,  (as  inflammable 
“ air,  phlogifticated  nitrous  air,  and  nitrous  air  itfelf)  when  rendered  wholefome 
“ by  agitation  in  water,  fliould  be  more  diminifhed  by  frelli  nitrous  air,  than 
“ common  air  which  had  been  made  noxious,  and  reftored  by  the  fame  procefs  ; 

“ and  yet,  from  the  few  trials  that  I have  rhade,  I could  not  help  concluding 
“ that  this  is  the  cafe.”  Exper.  and  Obfer.  vol.  i.  p.  19 
y Exper.  and  Obfer.  vol.  i.  p.  69. 
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faiJ  in  the  preceding  pages,  Dr.  Priestley,  in  vol.  iii.  of 
his  works  on  air,  8cc.  p.  267,  fays,  that  “ inflammable  air 
“ does  not  undergo  any  change  by  impregnation  with  water; 
“ in  which  refpedt  it  agrees  with  what  I have  obferved  of 
“ nitrous  air.  For  having  impregnated  a quantity  of  rain- 
“ water  (out  of  which  all  its  air  had  been  carefully  extradled 
“ by  the  air-pump)  with  inflammable  air,  of  w'hich  it  imbibed 
about  one  thirteenth  of  its  bulk  ; about  a month  after- 
wards,  by  making  it  boil  in  a phial,  I expelled  from  it 
about  the  fame  quantity  of  air,  and  found  it  to  be  as 
^ flrongly  inflammable  as  it  had  ever  been.  After  this 
‘‘  procefs,  there  was  adepoflt  from  the  water  of  a filmy  kind 
of  matter,  probably  the  earth  of  the  metal  that  had  been 
“ employed  in  producing  the  inflammable  air.  In  both  thefe 
refpedls  inflammable  air  refembles  nitrous  air.” 

The  efledls  arifing  from  the  agitation  of  inflammable  air 
in  oil  of  turpentine,  as  difcovered  by  Dr.  Priestley,  are 
very  remarkable.  “ Having  agitated,” he^  ‘‘  a quantity 
“ ' of  inflammable  air  in  oil  of  turpentine,  I prefently  ob- 
“ ferved  an  increafe  of  its  quantity,  and  I continued  the  pro- 
“ cefs  till  it  had  increafed  one  half.  Agitation  in  fpirit  of 
“ wine  produced  the  fame  efFedl,  but  more  time  was  requi- 
fite  for  it.  Allowing  to  continue  in  thefe  circumftances 
“ all  night,  I found  that  one  half  of  the  additional  quantity 
of  air  had  difappeared  ; but  by  repeating  the  agitation 
‘‘  about  a quarter  of  an  hour,  it  was  again  increafed  as 

“ much 
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“ much  as  before.  I then  examined  it,  and  found  that  it 
“ was  not  in  the  lead  abforbed  by  water,  did  not  afFe<5l 
“ lime-water,  was  but  very  llighdy  inflammable,  and  was 
“ diminifhed  by  nitrous  air  almoft  as  much  as  common  air; 
“ which  is  in  all  refpedis  the  very  ftate  to  which  agitation  in 
“ water  would  have  brought  it,  except  that  in  water  it 
“ would  have  been  conflderaly  diminifhed,  inftead  of  being 
“ increafed 

Inflammable  air  is  alfo  abforbed  by  various  other  fubflances 
befldes  water. 

Dr.  Priestley  obferved,  that  by  mixing  inflammable  air 
made  from  iron,  with  air  diminifhed  by  iron-filings  and 
brimftone,  a diminution  of  -h  or  -h  took  place,  but  iV 
feemed  to  be  afterwards  as  inflammable  as  before.  He  alfo 
obferved,  that  the  like  efPe6ts  were  produced  by  a moufe  pu- 
trifying  in  a quantity  of  inflammable  air  f. — This  gas  is  alfo 
abforbed  by  charcoal ; but  this  will  be  mentioned  in  another 
part  of  this  work. 

I fhall  now  briefly  relate  the  efFedls  produced  by  inflamma- 
ble air,  and  animal  or  vegetable  fubflances,  upon  each  other; 
and  fhall,  laflly,  conclude  this  chapter  with  the  account  of 
feveral  particulars  more  nearly  relating  to  the  nature  of  this 
gas. 

Plants  in  general  grow  pretty  well  in  inflammable  air,  and 

• Exper.  and  Obfer.  vol.  iii.  p.  266. 
t Ibid.  vol.  i.  p.  107. 
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their  growth  diiiiinifhes  little  or  nothing  the  inflammabilit)^ 
of  the  gas.  The  willow  plant  abforbs  inflammable  air,  as. 
has  been  remarked  of  common  air,  and  the  remainder  feems 
to  be  ftill  as  inflammable  as  before 

Animal  fubftances  putrefying  in  inflammable  air,  generally 
do  not  lefTen  its  inflammability ; nor  does  their  putrefacflionv 
feem  to  be  retarded  by  this  fort  of  gas.  Animals  that  are 
confined  in  inflammable  air,  are  killed  by  it  nearly  as  fud- 
denly  as  by  fixed  air -f-*  When- inflammable  air,  by  agitation,, 
in  water,  is  brought  into  fuch  a ftate  as  nearly  to  refemble- 
common  air,  then  an  animal  can  live  in  it.  Dr.  Priestley 
having  confined  a moufe  in  24.  ounce  meafures  of  the  re- 
fid uum  of  inflammable  air,,  after  its  having  been  agitated 
in  water,  found,  that  the  moufe  lived  in  it  twenty  minutes  J. 
Infeds,  which  can  live  a confiderable  time  in  phlogiflicated 
common  air,  do  alfo  live  for  fome  time  in  inflammable  air 
but  at  laft  they  become  torpid,  and  either  die,,  or  appear  to* 
be  dead  for  a confiderable  time,  after  which  they  will  recover,, 
if  removed  into  the  open.  air. 

The  numerous-  experiments  made  by  Mr.  Fontana,,  in 
confequence  of  Mr.  Sheele’s  oppofition  to  Dr.  Priestley’s. 
theory  of  refpiration,  afcertained  various  particulars  re- 
lating to  the  effeds  of  inflammable  air  upon  animals*. 
He  found  by  experiments  made  upon  himfelf,  that  inflam- 

, * See  Priestley’s  works  on  air,  &c.  vol.  iv.  fc£t.  30. 

f See  Exper.  andObfer.  vol.  i.  p.  62.  and  Phil.  Tranf.  vol.  Ixix,  p.  338,339. 
t Ibid.  p.  67. 
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mable  air,  when  mixed  with  fome  common  air,  could  be 
breathed  without  danger  : That  the  quantity  of  air  which 
exifts  in  the  lungs  of  a man,  even  after  -a  ufual,  though 
not  forced,  expiration,  being  mixed  with  a quantity  of  in- 
flammable air,  was  fufficient  to  render  it  tolerably  apt  for 
refpiration  ; the  negledl  of  which  circum fiance  mufl:  have 
probably  occafloned  the  miflake  of  Mr.  Sheele  : That  the 
breathing  of  inflammable  air  was  attended  with  a peculiar 
fenfation  of  levity  to  the  lungs  ; but  that  when  a veflbl,  con- 
taining a large  quantity  of  inflammable  air,  was  applied  to  the 
mouth  of  a perfon,  after  a forced  expiration^  it  was  fatal  to 
the  highefl;  degree.  Mr.  Fontana  having  applied  the 
neck  of  a bladder,  containing  about  350  cubic  inches  of  in- 
flammable air,  to  his  mouth,  after  a very  violent  expiration, 
.began  to  breathe  it  in  my  prefence.  The  firfl:  infpiration  of 
the  inflammable  air  occafloned  a great  opprefTion  upon  his 
lungs  ; the  fecond,  afledled  him  fo  much  that  he  looked  very 
pale  ; the  third  and  lafl:  infpiration  of  the  inflammable  air 
was  fcarce  accompliflied,  when,  for  want  of  ftrength,  he  fell 
upon  his  knees,  and  thus  teftifled  the  noxious  quality  of  the 
gas. 

Experiments  flmilar  to  thofe  were  by  the  fame  philofophcr 
repeated  upon  birds  and  quadrupeds,  but  they  all  tended  to 
conflrm  the  fame  general  obfervations.  He  even  fufpedling, 
that  pofflbly  the  inflammable  air  might  ad  upon  fome  other 
part,  befldes  the  lungs,  of  thofe  animals  which  were  confined 
in  it  with  their  whole  bodies,  -flopped  the  nofe  of  fome 
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animals  with  foft  wax,  and  thus  introduced  them  into  re- 
ceivers containing  inflammable  air ; to  the  mouths  of  other 
animals  he  applied  bladders  containing  inflammable  air,  and 
allb,  by  means  of  glafs  tubes,  which  reached  a good  way 
down  the  wind-pipe,  introduced  the  inflammable  air  inco 
their  lungs,  without  expofing  any  other  part  of  their  bodies 
to  it ; but  the  unfortunate  animals  conflantly  perifhed  after 
a very  few  infpirations. 

Mr.  Sheele  had  advanced,  that  inflammab’e  air  was  de'- 
^rived  of  its  inflammability  by  refpiration  ; but  Mr.  Fontana 
proved  that  this  aflfertion  was  erroneous;  his  experiments 
fhewing,  that  the  inflammability  of  this  gas  was  by  no  means 
diminiflied  by  the  refpiration  and  death  of  animals ; except- 
ing only  when  a large  animal  was  confined  in  a propor- 
tionably  fmall  quantity  of  inflammable  air,  in  which  cafe 
the  inflammability  of  it  would  appear  diminiflied,  only  be- 
caufe  the  common  air  contained  in  the  lungs  of  the  animal 
would  be  mixed  with  it*. 

In  regard'to  the  intimate  nature  of  this  inflammable  elaf- 
tic  fluid,  various  have  been  the  opinions  of  thofe  who  have 
endeavoured  to  inveftigate  it.  Some  confider  it  to  be  the 
pure  inflammable  principle,  i.  t.  phlogifton  ; others  take  it 
to  be  a fulphur,  viz.  a combination  of  phlogifton  with  an 
acid ; and  others  again  fuppofe,  that  it  is  a compound  of 
feveral  ingredients. — That  inflammable  air  contains  phlo- 

gifton, 
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gifton,  is  evident ; and  that  fome  other  principle  or  principles 
befides  phlogifton  are  contained  in  it,  feems  to  be  highly 
probable  but  it  mud  be  confeffed  that  we  are  as  yet  igno- 
rant of  the  number,  quantity,  and  reciprocal  bonds  of  thoie 
principles. 

That  the  inflammable  air  is  not  phlogifton  alone,  feems  to 
be  clearly  fhewn  by  the  exidence  of  the  various  forts  of  in- 
flammable air,  which,  although  they  agree  in  the  common 
property  of  being  inflammable,  yet  have  feveral  peculiar 
properties,  which  could  not  be  obferved,  if  a Angle  homoge- 
neous principle  condituted  inflammable  air.  It  may  indeed 
be  faid,  that  thofe  various  fpecies  are  occadoned  by  the  mix- 
ture of  extraneous  matters  not  eflential  to  the  conditution  of 
inflammable  air.  But  this  would  be  a mere  fuppodtion  un- 
fupported  by  experiments  ; (ince  we  cannot  at  prefent,  by 
any  means,  bring  every  fort  of  inflammable  air  to  a common 
flandard,  viz.  to  have  precifely  the  fame  properties. 

The  exidence  of  phlogiflon  in  inflammable  air  is  diewn 
by  other  experiments  belides  its  combudion.  Mcflieurs 
Macquer  and  De  Montigny  observed,  that  inflammable  air, 
obtained-  from  the  folution  of  iron  or  zinc  in  the  vitriolic 
acid,  when  applied  to  folutions  of  mercury,  lead,  diver,  and 
other  metals,  rendered  them  blackifh;  which. indicates  a com- 
munication of  phlogidon,  and  a beginning  of  reducdion  J. 

Dr.  Priestley  exhibited  a very  elegant  decompodtion  of 

* Dift.  de  Chymie — Gas  inflainmable. 
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inflammable  air  without  inflammation.  The  Dodor  had 
found,  that  a moderate  degree  of  heat  produced  no  change  on 
inflammable  air.  When  the  inflammable  air  was  expofed  to 
heat  in  a tall  jar  of  flint  glafs,  in  which  it  had  free  liberty  to 
expand,  it  fuflered  no  decompofltion  ; but  when  the  inflam- 
mable air  was  confined  in  fmall  tubes  of  flint  glafs  her- 
metically fealed,  and  thofe  tubes  were  expofed  to  a red-heat, 
the  inhde  furface  of  the  glafs  became  black,  and  the  inflam- 
mable air  contained’within  them  was  found  much  diminiflied, 
and,  as  far  as  could  be  obferved,  was  changed  into  phlogif- 
ticated  air  — The  particulars  which  the  Dodor  afcertained 
in  thofe  experiments  are  the  following  : — The  tubes  become 
black  the  moment  they  arrive  to  a red-heat.  ‘The  blacknefs 
is  only  on  the  in  fide  furface,  and  is  indelible,  fo  that  none  of 
it  can  be  fcraped  off  without  taking  off  part  of  the  glafs 
along  with  it.  The  glafs  thus  tinged  is  opaque,  but  is  flill 
a non-condudor  of  eledricity.  This  efled,  as  fuggefted  by 
Mr.  Bewly,  feems  to  be  owing  to  the  lead  in  the  flint-glafs, 
which  decompofes  the  inflammable  air  by  attrading  its  phlo- 
gifton  ; accordingly,  the  experiment  did  not  fucceed  with 
green  glafs  tubes  -f.  This  experiment  fucceeds  as  well  with 

the 

* Th:  fe  tubes  were  about  half  an  inch  in  diameter,  and  a few  inches  long ; 
they  were  filled  with  inflammable  air  by  means  of  quickfilver,  and  afterwards, 
being  ftill  kept  inverted  in  the  quickfilver,  were  fealed  hermetically  by  means 
of  the  flame  of  a candle  and  a bIow>pipe  j the  flame  being  direded  towards 
their  middle,  fo  as  to  part  them,  &c. 

t “ It  appears,  therefore,”  fays  the  DoSior^  “ from  this  experiment,  that  the 
“ calx  of  lead,  in  the  form  of  glafs,  has  a ftronger  affinity  with  phlogifton  than 

any 
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the  inflammable  air  extracted  from  iron,  as  with  that  ob- 
tained from  zinc  ; and  after  that  the  flint-glafs  tube  con- 
taining it  has  been  expofed  to  a red-heat,  the  elaflic  fluid 
that  is  found  in  it  does  not  render  lime-water  turbid,  is 
not  effected  by  nitrous  air,  and, is  not  inflammable.  A fmall 
quantity  of  water  made  blue  with  the  juice  of  turnfole,  being 
poured  into  thofe  blackened  tubes  as  foon  as  they  were  broke 
open,  was  not  altered  in  the  leafl: ; which  fhews,  that  no 
acid  is  difengaged  in  this  decompofltion  of  inflammable  air. 
Into  one  of  thofe  blackened  tubes  the  Dodor  put  fome 
minium,  then  making  it  red-hot,  obferved,  that  the  black- 
nefs  entirely,  difappeared,.  and  the  tube  remained  as  tranfpa- 
rent  as  before  it  had  been  rendered,  black  the  metallic. 
calx  having  attracted  the  phlogiffon 

Dr.  Priestley  found,  that  inflammable  air,  by  being  ex^- 
pofed  to  florid  blood,,  was  diminifhed,  and  though  ftill  in- 
flammable, yet  was  rendered:  in  fOme  degree  wholefome  by 
the  procefs,  fo  as  to  be  confiderably  diminifhed  by  nitrous- 
air  h ; the  blood  therefore  attradls  part  of  its  phlogiflbn^ 

Mr.  Fontana,  in  his  paper  on  inflammable  air^  publifhedi 
in  the  69th  volume  of  the  Philofophical  Tranfadions,  ob- 

‘ any  thing  in  the  compofition  of  inflammable  air,  in  a degree  of  heat  capable 
‘ of  melting  glafs.  Or,  if  there  be  no  proper  conftituent  part  of  inflammable 
‘ air  befides  phlogifton^  the  attradlion  of  the  calx  is  fo  great,  as  to  reduce  the 
‘ phlogiflon  from  an  elaflic  and  uncombined  ftate  to  a fixed  and  combined 
‘ one 

* Exper.  and  Obfer.  vol.  iv.  fe£t.  34.  N®  5, 

t Ibid.  vol.  iii.  p.  76. 
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ferves,  that  the  inflammable  air  extraded  from  metals  when 
burning,  (hews  a greater  number  of  the  vivid  fparks,  men- 
tioned in  the  preceding  pages,  than  the  inflammable  air 
which  is  extracted  from  animal  or  vegetable  fubftances ; 
and  that  the  inflammable  air  is  the  more  diflicult  to  be  de- 
compofed,  the  greater  is  the  number  of  fparks  it  fhevvs  when 
burning ; “ fo  that,”  fays  he^  “ it  feems  proved  by  experi- 
“ ments,  that  the  phlogiflic  principle  is  more  fixed,  and 
“ in  greater  quantity,  combined  with  the  inflammable  air  of 

metals,  than  with  that  of  vegetable  or  animal  fubftances,” 

The  inflammable  air  does  not  only  contain  phlogifton, 
but  is  incapable  of  combining  with  more  of  that  principle  ; 
hence  it  is  unfit  to  aflift  refpiration,  combuftion,  &c.  The 
fumes  of  liver  of  fulphur  do  not  diminifh  it.  Eledric  fparks 
being  taken  in  inflammable  air,  appear  remarkably  red,  but 
do  not  diminifh  it,  noroccafion  any  change  of  colour  in  the 
folution  of  archil  in  water,  when  the  jar,  containing  the  in- 
flammable air  into  which  the  fparks  are  taken,  is  inverted  i.i 
it. 

By  all  the  unqueftionable  experiments  hitherto  made,  the 
cxiflence  of  an  acid  in  inflammable  air,  as  one  of  its  con- 
ftituent  principles,  is  far  from  being  proved.  Sometimes, 
when  the  inflammable  air  is  agitated  in  the  tindure  of  turn- 
foie,  it  occafions  a very  flight  change  of  colour,  but  for  the 
firft  time  only ; after  which,  if  agitated  in  another  portion 
of  the  folution  of  turnfole  in  water,  it  produces  no  fenfible 
effed,  though  it  remains  ftill  inflammable ; which  ihews, 

that 
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that  the  fniall  portion  of  acid,  which  fornetimes  exifts  in  it, 
is  accidental. 

Dr.  Priestley  is  of  opinion,  that  fome  earth  enters  into 
the  compofition  of  inflammable  air  ; but  the  experiments 
hitherto  made,  feem  to  be  not  Sufficient  to  demonftrate  it. 

I fhall  laftly  mention  a curious  observation,  relating  to  the 
refradive  power  of  inflammable  air,  made  by  Mr.  Warltire, 
and  related  by  himfelf,  in  the  Appendix  to  the  third  volume 
of  Dr.  Priestley’s  Experiments  and  Observations : — ‘‘  What 
“ I recoiled,”  he,  “ of  the  attempt  to  afcertain  the  re- 
fradive  power  of  different  kinds  of  air,  relates  to  inflam - 
mable  air  only,  as  the  trials  with  any  other  did  not  give 
the  refradion  fenflbly  different  from  common  air ; and 
“ having  been  ever  flnce  at  a diftance  from  any  of  my  in- 
“ ftruments  proper  for  Such  experiments,  I have  not  had  an 
“ opportunity  of  repeating  them.  An  hollow  triangular 
prifm,  of  which  the  angle  we  uled  was  72  degrees,  was 
“ placed  upon  a proper  Support,  fo  as  to  half  cover  a large 
“ objed-glafs  in  one  of  Mr.  Dollond’s  perfpedives,and  was 
fo  turned  round  as  to  make  the  frame  of  a window,  at  the 
“ diftance  of  1280  feet.  Seen  partly  through  the  priftn  and 
“ partly  through  common  air,  appear  undivided.  The 
“ inflammable  air  was  then  blown  out  of  the  prifm,  but  no 
“ part  of  the  apparatus  was  moved  ; when  the  frame  of  the 
“ window  feen  through  the  prifm,  and  the  common  air  as 
before,  Seemed  to  leparate  about  four  inches,” 
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CHAP.  V. 

Of  Nitrous  Air. 

Nitrous  air,  or  nitrous  gas,  is  a permanently  elaftic 
fluid,  which  is  never  found  naturally  in  any  place 
upon  earth,  like  fixed  or  inflammable  air,  but  is  entirely  ar- 
tificial. 

This  elaftic  fluid  confifts  principally  af  nitrous  acid  and 
phlogifton  ; fo  that  it  cannot  be  produced  but  from  that 
acid,  or,  which  is  the  fame  thing,  from  fubftances  containing 
the  nitrous  acid,  and  phlogifton  ; thus,  when  the  nitrous  acid 
is  mixed  with  metals,  or  with  animal  or  vegetable  fubftances 
which  contain  phlogifton,  nitrous  air  is  generally  produced  ; 
but  very  little  or  none  of  this  fort  of  elaftic  fluid  is  yielded 
when  the  nitrous  acid  is  mixed  with  metallic  calxes,  with 
pure  afhes  of  vegetable  fubftances,  or,  in  fhort-  with  any  fub- 
fiance  which  contains  little  or  nothing  of  phlogifton.  In 
this  cafe,  if  the  mixture  is  expofed  to  a fufliciently  ftrong 
degree  of  heat,  the  nitrous  acid  is  decompofed,  and  dephlo- 
gifticated  air  is  produced  ; though,  as  we  have  already  ob- 
ferved,  in  fome  period  of  the  procefs,  a little  nitrous  air 
is  generally  produced,  which  is  owing  to  the  fmall  quantity 
of  phlogifton  which  exifts  in  moft  if  not  all  metallic  calxes, 
&c. 
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The  variety  of  elaftic  fluids  obtainable  when  nitrous  acid 
is  emnloyed,  may  be  deduced  from  obferving,  that  the  nitrous 
acid  itfeli,  by  being  decompofed,  may  generate  dephlogifli- 
Gated  air ; that,  by  joining  with  the  phlogiflon  of  the  fubftance 
with  which  it  is  mixed,'  may  generate  nitrous  air;  that,  by 
the  mixture  of  thofe  two  elaftic  fluids,  another  elaftic  fluid, 
namely,  phloglfticated  air,  may  be  formed  ; and  that,  by  its 
acting  as  an  acid,  it  may  expel  one  or  more  other  elaftic  flu- 
ids from  thofe  fubftances  with  which  it  is  mixed. 

All  metallic  fubftances,  when  mixed  with  the  nitrous  acid, 
yield  nitrous  air.  Indeed  gold,  platina,  and  regulus  of  an- 
timony, as  they  are  not  dilToluble  in  Ample  nitrous  acid, 
muft  be  diftTolved  in  aqua  regia,  in  order  to  obtain  nitrous  air 
from  them.  Although  all  metallic  fubftances,  by  means  of 
the  nitrous  acid,  may  be  made  to  yield  nitrous  air,  yet  they 
do  not  produce  it  in  equal  quantities,  with  equal  facility,  and 
of  equal  goodnefs.  The  following  are  the  more  remarkable 
particulars  relating  to  this  matter  : 

Either  Ab/er,  copper,  brafs,  iron,  mercury,  bifmuth,  or 
nickel,  when  mixed  with  nitrous  acid,  yield  nitrous  air  in 
great  quantities.  Some  of  them,  efpecially  mercury,  require 
the  aid  of  heat  in  order  to  produce  the  elaftic  fluid  ; the 
flame  of  a candle  applied  to  the  phial  is  fufHcient  : but  others, 
efpecially  copper  and  iron,  do  not  want  the  application  of 
any  heat.  Gold,  platina,  and  the  regulus  of  antimony,  when 
put  in  aqua  regia,  yield  nitrous  air  pretty  readily.  Among 
the  metals,  lead  yields  nitrous  air  in  the  fmalleft  quantity. 
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“ I poured,”  fays  Dr.  Priestley,  “ fmoking  fpirit  of  nitre 
“ into  a phial  with  a ground  ftopple  and  tube,  containing, 
‘‘it  ounce  fneafures  filled  with  fmall  leaden  fhot,  fo  as  to 
“ leave  no  common  air  at  all,-  either  in  the  phial  or  in  the 
“ tube,  and  I placed  it  fo  as  to  receive  the. air  that. might 
“ come  from  it  in  water*- 

“ After  waiting  an  hour,  in-whicH  little  or  no  air  was 
“ produced,  I applied  the  fiame  of  a candle,  though  not  very 
“ near  to  it,  and  in  thefe  circumftances  I got  about  an 
“ ounce  meafure  of  air : but  upon  fome  water  rufhing.  into  the 
“ phial,  while  the  candle  was- withdrawn,  air  was  produced 
“ very  plentifully.  I colledicd  in  -all  about  a quarter  of  a 
“ pint,  and  might  probably  have  got  much  more  ; but  that 
“ the  fait  formed  by  the  folution  of  the  lead  had  fo  nearly 
“ clofed  up  the  tube,  that  I thought  proper  to  difcontinue 
“ the  procefs.  The  air,  both  of  the  firft  and  of  the  laft 
“ produce,  was  of  the  fame  quantity,  and  fo  far  nitrous, 
“ that  two  meafures  of  common  air,  and  one  of  this,  occu- 
“ pied  the  fpace  of  two-'meafures  only  ; excepting  that  the 
“ very  firft  and  very  laft  produce,  mixed  with  common  air, 
“ took  up  a little  more  room  than  that  which  I got  in 
“ the  middle  of  the  procefs.  When  the  air, was  produced 
“ very  faft,  it  was  exceedingly  turbid,  as  if  it  had  been  filled 
“ with  a white  powder 

Among  the  femi-metals,  zinc  gives  the  weakeft  nitrous 
* Exper.  and  Obfer.  vol.  ii.  p,  174. 
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air,  when  diflolved  in  nitrous  acid.  The  elaftic  fluid  pro- 
duced from  it,  is  moftly  phlogifticated  air.  From  four  penny- 
weights and  17  grains  of  zinc,  diflolved  in  fpirit  of  nitre  di- 
luted with  an  equal  quantity  of  water,  Dr.  Priestley  ob- 
tained about  twelve  ounce  meafures  of  very  weak  nitrous  air. 
It  occafloned  a very  flight  effervefcenco  when^  mixed  with 
common  air  *. — The  Dodor  obtained  nitrous  air  even  from 
fome  flowers  of  zinc.  “ Having,”  “ mixed  a quan- 

“ tity  of  blue  fpirit  of  nitre  with  flowers  of  zinc,  which 
“ were  of  a dull  colour,  arid  appeared  from  feveral  experi- 
“ ments  to  contain  a portion  , of  phlogifton,  it  yielded,  with 
“ the  heat  of  a candle  . applied  to  the  phial  which  contained 
“ it,  ftrong  nitrous  air;  when  the  common  fpirit  of  nitre 
“ applied  in  the  fame  manner  gave  only  phlogifticated  air  ; 
“ the  phlogifton  of  which  came-  probably  from  the  calx  it- 
“ felf,  though  a fmall  portion  of.  it*  might  have  been  in  the 
“ nitrous  acid,  which  I believe  is  never  entirely  free  from  it. 

“ This  experiment  alfo  feems  to  prove,  that  an  earth  is 
“ the  bafts  of  nitrous  air  ; for  the  fame  blue  fpirit  of  nitre, 
“ which  gave  nitrous  air  with  thefe  flowers  of  zinc,  yielded 
“ no  air  at  all  when  it  was  treated  in  the  fame  manner  with- 
“ out  them  f.” 

The  quantity  of  nitrous  air  that  may  be’  obtained  from 
various  metals,  is  difflcult  to  be  afcertained,  on  account  of 

• Mr.  De  Lassone  fays,  that  zinc,  when  diflolved  in  nitrous  acid,  yields  fixed, 
and  not  nitrous  air. 

•f-Expcr.  and  Obfer.  vol.  iii.  p.,  205. 
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the  diverfity  occafioned  by  the  ftrength  of  the  acid,  the  va- 
rious nature  of  the  metallic  fubftance,  and  the  method  of 
performing  the  experiments.  The  lollowing  is  a table  of  the 
produces  of  nitrous  air  from  various  metals,  extraded  from 
Dr.  Priestley’s  firft  volume  of  Experiments  and  Obferva- 
tions,  p.  128  ; but  which,  as  the  author  himfelf  intimates,  is 
far  from  being  very  accurate. 


dwt. 

6 

grs. 

0 

of  Elver  yielded 

17  t ounce  meafures. 

5 

19 

of  quickElver 

4 t ' 

I 

2 i 

of  copper 

14  i 

2 

0 

of  brafs 

21 

0 

20 

of  iron  ^ 

I 

5 

of  bifmuth 

6 

0 

12 

of  nickel 

4 

In  page  225 

f 

of  the  above-mentioned  volume,  the  Dodor 

mentions,  that 

“ having  diEblved  Elver,  copper,  and  iron  in 

““  equal  quantities  of  fpirit  of  nitre  diluted  with  water,  the 
“ quantities  of  nitrous  air  produced  from  them  were  in  the 
“ following  proportion  ; from  iron  8,  from  copper  6 t,  from 
Elver  6.  In  about  the  fame  proportion  alfo  it  was'necef- 
fary  to  mix  water  with  the  fpirit  of  nitre  in  each  cafe,  in 
order  to  make  it  diflblve  thefe  metals  with  equal  rapidity, 
“ Elver  requiring  the  leaft  water,  and  iron  the  moft.” 

The  various  ftrength  of  the  nitrous  acid  produces  great 

diverEty 
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diverfity  in  the  produdion  of  nitrous  air.  Thus,  if  copper 
is  di  iTolved  in  firong  nitrous  acid,  it  will  not  produce  the 
leaf!  quantity  of  nitrous  air  ; but  when  difiblved  in  diluted 
nitrous  acid,  it  produces  a great  quantity  of  that  elafiic  fluid. 
The  caule  of  this  remarkable  phenomenon  is  juftly  explained 
by  Dr.  Priestley,  upon  two  known  properties,  viz.  that  ni- 
trous acid,  when  very  pure,  attrads  phlogifton  with  eager- 
nefs ; and  that,  by  the  coiitad  with  the  nitrous  acid,  nitrous  air 
is  dec  '^mpofed,  the  acid  attrading  its  phlogifton.  The 
evident  confequence  of  thofe  two  caufes  is  clearly  exhibited 
by  the  folution  of  mercury  ; for  when  ftrong  fpirit  of  ni- 
tre is  poured  upon  mercury,  the  folution  foon  begins,  and  is 
very  rapid,  yet  not  a Angle  bubble  of  elaftic  fluid  is  pro- 
duced ; but  in  a fhort  time  the  acid  next  to  the' mercury 
becomes  of  an  orange-colour,  which  is  an  indication  of  its 
having  acquired  phlogifton,  no  doubt  from  the  nitrous  air,, 
which  is  decompofed  the  moment  it  is  formed,  and  before 
its  particles  could  be  colleded  into  viAble  bubbles.  Now^ 
the  bubbles  of  air  will  begin  to  be  feen  through  the  co- 
loured acid,  but^they  difappear  the  moment  they  come  into* 
contad  with  the  other  tranfparent  or  pale-coloured  acid.  But 
when  the  whole  quantity  of  acid  has  acquired  the  ftrong  orange- 
colour,  then  the  nitrous  air  efcapes  from  it,  &c.  ; the  acid 
being  no  longer  capable  of  decompoAng  more  than  a fmall 
quantity  of  it.  7 he  mixture  of  water  deprives,  as  it'  were,, 
the  acid  of  the  power  of  decompoAng  nitrous  air.  The 
ftrong  and  pale-coloured  nitrous  acid  fhould  be  diluted  with 
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at  leaft  two  or  three  parts  of  water  to  one  of  the  acid,  for 
the.eafy  production  of  nitrous  air  from  copper  and  mercury. 

The  brifknefs  of  the  effervefcence,  and  the  production  of 
nitrous  air,  are  promoted  by  heat,  and  alfo  by‘ letting  the  me- 
tallic  fubftanc©  prefent  a great  quantity  of  furface  to  the 
acids. 

For  the  generality  of  experiments,  no  other  degree  of  heat  is 
required  than  that  produced  by  the  effervefcence  itfelf,  except 
mercury  be  ufed,  which  requires  the  application  of  fome  heat. 
When  the  metal  exhibits  a very  great  furface  to  the  acid,  as 
is  the  cafe  when  filings  are  ufed,  the  effervefcence  and 
production  of  nitrous  air  are  often  much  quicker  than  can  be 
conveniently  managed. 

Copper,  or  brafs,  when  clipped  into  Hat  bits,  each  about  2 
or  3 grains  in  weight,  and  about  a quarter  of  a fquare  inch 
in  furface,  and  when  diffolved  in  nitrous  acid  properly  di- 
luted, yield  nitrous  air. very  equably;  but  if  iron  be  ufed,  the 
pieces  of  it  fhould  be  larger  and  fewer,  in  fhort,  it  fhould 
prefent  a much  iefs  furface  to  the  diluted  acid;  otherwile 
.the  increafe  of  heat  in  the  procefs,  and  the  rapid  production 
of  elaftic  fluid,  render  the  operation  both  difficult  and 
.dangerous  for  the  operator. 

As  the  nitrous  air  is  moftly  neceflary  to  try  the  goodnefs 
of  refpirable  air,  it  is  of  great  confequence  to  make  it  always 
,of  one  .conflant  degree  of  goodnefs  ; but  this  objeCt  is  an- 
fwered  by  diffolving  fubftances  of  a very  homologous  na- 
ture in  the  nitrous  acid ; therefore  it  is  plain  that  the  metals 
J whofe 
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whofe  nature  is  more  uniform,  muft  be  preferred  for  this 
purpofe.  Accordingly,  brafs  yields  nitrous  air  of  a more 
uniform  nature  than  iron  ; copper  is  fuperior  to  brafs;  but 
pure  mercury  is  ftill  fuperior  to  copper,  and  indeed  this  is 
the  metal  which,  conlidering  its  nature,  uniformity  of  fub- 
flance,  and  eafy  folution,  is  upon  the  whole  the  moft  ufeful  for 
this  purpofe. 

As  to  the  production  of  nitrous  air  from  the  folution  of 
vegetable  and  animal  fubftances  in  nitrous  acid,  we  have  al- 
ready taken  fome  notice  of  it  in  the  preceding  chapters  ; and 
in  this  place  I fhall  only  mention  thofe  obfervations  which  are 
of  a more  general  nature,  omitting  the  various  fluctuating 
phenomena,  which  may  be  obferved  in  almofl:  every  particu- 
lar experiment,  and  which  are  at  the  fame  time  of  no  ap^ 
parent  confequence. 

It  has  been  generally  obferved,  that  folid  vegetable  fub- 
ftances, when  diflblved  in  nitrous  acid,  yield  more  nitrous 
air  than  the  animal  fubftances,  though  this  nitrous  air  is  not 
fo  pure  as  that  obtained  from  metals. 

Sometimes  it  contains  fome  fixed  air,  and  a good  deal  of 
inflammable  air,  which  is  moftly  produced  towards  the  end  of 
the  procefs.  On  the  other  hand,  the  nitrous  air  extracted 
from  animal  fubftances  generally  contains  a good  deal  of 
phlogifticated  air,  and  fometimes  fome  fixed  air.  In  order  to 
obtain  nitrous  air  from  the  folution  of  animal  and  vegetable 
fubftances  in  nitrous  acid,  often  fome  degree  of  heat  muft 
be  applied  to  the  phial.  The  acid  alfo  fometimes  muft  be 
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vtry  concentrated,  and  in  other  cafes  it  mufl:  be  diluted;  but 
it  is  hardly  worth  while  or  pradicable  to  determine  with  ex- 
a(3:nefs  all  thofe  particular  cafes.  The  various  degree  of  heat 
that  is  applied  to‘  divers  fubftances  in  thofe  experiments,  is 
alone  fufficient  to  alter  in  part  the  quality  of  the  produced 
elaftic  fluid. — I fhall  now  fubjoin  fome  more  remarkable 
experiments  relating  to  this  fubjedl,  which  are  extracted  from 
Dr.  Priestley’s  w^orks  on  airy'&c. 

“ Gum-arahk  eaiily  diflblves  in  the  nitrous  acid,  and  as  it* 
“ diflblves,  a great  quantity  of  air  is  produced,  making  a 
“ beautiful  appearance  ; but  when  the  acid  is  nearly  fatu- 
“ rated,  it  becomes  vifcid,  and  the  veflel  gets  full  of  froth. 

‘‘  Part  of  this  air  was  fixed,  precipitating  lime  in  lime- 
water,  and  being  readily  abforbed  by  water.  The  re- 
mainder  was  nitrous,  almoft  as  flrong  as  any 
• - “ Camphor^  with  diluted  fpirk  of  nitre,  yielded  very  flrong" 
nitrous  air  ; but  required  a confiderable  degree  of  heat 
“ Having  poured  about  a quarter  of  an  ounce-meafure  of 
‘‘  fmoking  fpirit  of  nitre,  mixed  with  an  equal  quantity  of 
water,  upon  {on\Q  pounded  charcoal^  and  having  .applied  to 
“ it  the  flame  of  a candle,  I collected  a large  jar  full  of  air; 
“in  all  28  ounce-meafures.  When  about  half  of  this  quan- 
“ tity  of  air  was  produced,  it  was  impoffible  to  apply  any 
“ more  heat,  but  the  fpirit  of  nitre  would  qbme  over  ; whidh- 
it  did,  tinged  with  a deep  black.  Wfien  all  the  liquor  was 

' ■'  ^ Vol.  ii.  p.  135.  ‘ , . V ".J  ..  ] . 
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come  over,  flill  one-fourth  part  of  the  air  was  produced 
with  the  application  of  a ftrong  heat.  The  air  of  this 
“ whole  produce,  which  was  not  taken  at  different  times, 

“ was  flrongly  nitrous.  Two  meafures  of  common  air,  and 
“ one  of  this,  occupied  the  fpace  of  no  more  than  two 
“ meafures 

‘‘  Mr.  Delaval  was  fo  obliging  as  to  inform  me,  that  all 
“ ajlringent  vegetables^  as  galls the  Peruvian  barky  and  green 
“ teUy  diffolve  with  peculiar  rapidity  in  the  nitrous  acid,  in  a 
“ manner  not  unlike  the  folution  of  feveral  of  the  metals  in 
“ the  fame  acid  ; and  that  a great  quantity  of  air  is  gene- 
rated  in  the  procefs.  I immediately  made  the  experiment 
with  galls,  and  was  really  furprized  at  the  effedt.  The 
“ folution’ was,  indeed,  aftoniOiingly  rapid  ; but  the  quan- 
“ tity  of  air  produced  by  it  was  not,  feemingly,  greater  than 
“ would  have  been  yielded  by  the  fame  bulk  of  any  other 
vegetable  fubflance,  diffolved  in  the  fame  acid,  with  more 
“ heat.  The  air  alfo  was  of  the  fame  quality  with  that 
“ which  is  yielded  by  mofl  vegetable  fubftances.  In  this 
“ cafe,  more  than  half  of  it  was  fixed  air,  making  lime-water 
“ turbid,  and  the  refiduum  was  fo  far  nitrous,  that  two 
‘‘  meafures  of  common  air,  and  one  of  this,  occupied  the 
fpace  of  2 t meafures  •'f.” 

Ether,  fpirit  of  wine,  and  all  the  effential  oils,  when 
mixed  with  fpirit  of  nitre  and  heated,  produce  a great  quan- 

* Vol.  i1.  p.  138.- 
t Vol.  iii.  p.  170. 
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tity  of  elaftic  fluid  ; but  very  little  of  it  h nitrous  air,  the' 
grcateft  part  of  it  being  flxed  and  phlogifticated  air.  In 
condudling  thofe  experiments,  the  operator  fhould  take  great 
care  both  to  ufe  fmall  quantities  of  the  materials,  and  to  ap- 
ply the  heat  in  the  moft  gentle  manner ; becaufe,  when  the 
nitrous  acid  has  once  begun  to  decompofe  the  oil,  its  adlion 
becomes  very  great,  and  the  leaft  extraordinary  heat  is  capable 
to  increafe  that  a6lion  and  its  confequences  to  a prodigious 
and  dangerous  degree. 

As  for  the  animal  fubflances,  when  diflblved  in  nitrous^ 
acid,  they  generally  yield  very  little  or  nothing  of  nitrous  air. 
The  greatefl:  part  of  the  elaflic  fluid  thus  obtained  from 
them  is  fixed,  inflammable,  or  phlogifticated  air.  Feathers, 
hair,  milk,  and  a few  others,  will  be  found  to  give  a pretty 
confiderable  quantity  of  nitrous  air,  in  proportion  to  the  fixed 
air  that  is  produced  along  with  it. — In  the  preface  to  the 
third  volume  of  Experiments  and  Obfervations,  &c.  Dr. 
Priestley  mentions  his  examination  of  ox-gall,  in  the  fol- 
lowing words : — ‘‘  Ox-gall  dried,  diflblves  in  the  nitrous  acid 
“ with  as  much  rapidity  as  vegetable  aftringent  fubflances,, 
“ and  yields  great  plenty  of  nitrous  air  ;•  whereas  animal 
“ fubflances  in  general  yield  only  phlogifticated  air,  with  a 
“ mixture  of  lambently  inflammable  air,  by  the  fame  treat- 

ment.  Now  it  is  remarkable,  that  the  gall  is  fecreted  from 
“ the  venal  bloody  which,  according  to  my  theory  of  the  ufe 
“ of  the  blood  in  refpiration,  is  then  loaded  with  phlogiflon 
3 ‘‘  while 


Mnd  other  permanently  elajiic  Fluids.  693 

while' 'Other  fecretions  are  made  from  the  blood, 

“ which  has  difcharged  its  furplus  of  phlogifton.** 

In  the  firnpl'e  dihillation  of  nitrous  acid,  a eonhderabk 
quantity  of  nitrous  air  is  produced. — The  vapour  of  nitrous 
acid  being  mixed  with  feveral  lubftances,  or  firft  imbibed  by 
certain  bodies,  and  then  applied  to  other  fubftances  in  that 
combined  ftate,  generates  a good  deal  of  nitrous  air.  But 
the  curious  particulars  relating  to  this  fubjed:  will,  for 
clear nefs  fake,  be  mentioned  ia  the  chapter  on  nitrous  acid 
air. 

The  nitrous  air  by  itfelf  is  colourlefs,  like  common  air,  ex- 
cepting when  it  is  firfl;  produced,  at  which  time  it  is  fome- 
times  flightly  red  or  clouded,  which  appearances  are  owing 
to  fume  fuperduous  nitrous  acid,  or  to  fome  earthy  particles, 
which  it  carries  along  with  itfelf.  Its  drongfmell  refembles 
that’ ot  fmoking  nitrous  acid  ; but  it  muft  be  obferved,  that 
when  it  reaches  our  noftrils,  it  neceffarily  mixes  with  the 
common  air,  and  is  confequenlly  decompofed  ; it  may  there- 
fore be  juftly  faid,  that  the  fmeil  we  perceive  is  not  of  the 
nitrous  air,  but  of  the  nitrous  acid,  which  is  fet  loofe  on  the 
dccompohtion  of  that  air.  The  fame  may  be  faid  of  its 
tafte  ; and,  in  fad,  Mr.  Fontana,  who  fays  to  have  rafted 
nitrous  air  without  its  coming  into  contad  with  the  common 
air,  aflerts  that  it  has  no'  tafte  whatever.  He  afcertained 
this  curious  fad  in  the  foHow'ing  manner  r 

Firft  he  introduced  the  nitrous  air  into  a bottle  of  elaftic 
gum  in  water,  juft  as  is  done  with  glafs  bottles  \ then,  whilft  the 

neck 
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neck  of  the  claftic-gum  bottle  was  kept  under  the  furface  of' 
the  water,  he  brought  his  mouth  fliut,  and  void  of  com- 
mon air,  near  the  laid  bottle  ; and  when  his  mouth  was 
yndcr  the  lurface  of  the  water,  he' introduced  the  nitrous  air 
in  it,  by  fqueezing  the  elaflic-gum  bottle.  This  experiment, 
he  fays,  may  be  eafily  performed  alfo  out  of  the  water  •; 
lor  which  purpofe,  the  neck  of  the  elaftic-gum  bottle,  after 
being  lillcd  with  the  nitrous  air,  mufl:  be  comprelTed,  and, 
thus  taken  out  of  the  water,  is  introduced  through  the  lips 
into  the  mouth  exhaujled  of  air^  then,- by  fqueezing  the  bot- 
tle, the  nitrous  air  is  introduced  into  the  mouth  without  any 
mixture  of  common  air;  in  which  cafe,  Mr.  Fontana  fays  * 
that  it  has  no  fenlible  tafee  He  juflly  remarks  the  dan- 
ger attending  this  experiment ; for  if  the  operator  happens 
to  draw  his  breath  whilft  his  mouth  is  filled  with  nitrous 
air,  he  may  be  nearly  fufFocated  by  it.  But  in  regard  to  the 
performance  of  this  experiment,  I cannot  underftand  how  it 
is  pofible  to  exhauR  one’s  inouth  entirely  of  common  air. 

The  fpeciiiip  gravity. of  nitrous  air,  according  to  Mr.  Fon- 
tana, is  very  little  greater  than  that  of  common  air,  being  to 
one  another  as  157  to  152  ; and  one  cubic  inch  of  nitrous 
air  weighing  0,399  grs.  when  the  barometer  is  at  a mean 
height,  and  the  thermometer  about  temperate.  But  Dr. 
Priestley  finds  the  nitrous  air  to  be  rather . fomething 
lighter  than  common  air  f . But  it  feems  that  Mr.  Fon- 
tana’s 

• * Recherches  Ph)rfiqu9S  fur  ja  nature  de  I’Air, 'Nitreux.  Paris;^  1-77^5. 

. i"  In  the  firft  volume  of  Experiments  and  Obfervations,  p.  119,  Dr.  Priest- 
ley fays,  that  “ neither  nitrous  air,  nor  common  air  faturated  with  nitrous  air, 

“ differ 
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tana’s,  method  of  weighing  elafiic  fluids,  which  has  beea 
already  defcribed  in  this  work,  feems  to  be  the  rnofl  accurate. 

Nitrous  air  extinguifhes  flame,  but  it  is  often  in  a flate 
of  aflifling  the  copibuftion  of  a candle  in  a very  particular 
manner  ; and  in  this  flate  fometimes  it  flill  retains  the  power 
of  diminifiling  common  air^  though  in  a fmall  degree.  The 
nitrous  air  may  be  obtained  in  fuch  a flate  by  direcfl  procefles, 
and  may  be  converted  into  that  flate  after  that  it  has  been 
extracted  in  the  ufual  manner.  When  zinc  is  difiblved  in 
nitrous  acid,  if  the  nitrous  air  be  taken  at  different  times  of 
the  procefs,  it  will  be  found  that  towards  the  middle  or 
rather  the  latter  end^  the  nitrous  air  is  in  the  abqve-mentioned 
remarkable  flate  ; viz.  it  will  not  only  admit  a candle  to 
burn  in  it,  but  the  flame  is  enlarged  (foiuetimes  becoming 
four  or  five  times  larger)  by  the  addition  of  another  weaker 
.and  blueifli  flame  round  the  original  flame  of  .the  candle 
fometimes  this  burning  is  accompanied  with  a crackling  noife, 
as  if  the  candle  was  burning  in  dephlogiflicated  air  I have 


“ difi'er  in  fpecific  gravity  from  common  air.  At  leaft,  the'diiTcronce  is  fo  fnialj, 
“ that  I could  not  be  fure  there  was  any  ; fometimes  about  three  pints  of  it 
feeming  to  be  about  half  a grain  heavier,  and  at  other  times  as  much  lighter 
“ than  common  air.” — In  his  fecond  vol.  p.  94,  tl^e  Do.ftpr  fays  to  have  found, 
that  a quantity  of  nitrous. air  weighed  7 dwts.  i 6'grs.  whilff  an  coual  quantity  of 
common  air  weighed  7 ciwts.  1 7 grs.  g 

* “ It  is  remarkable,*'  fays  Dr.  Priestley,  “ tHat  when  a candle  is  extin- 
“ guilhed,  as  it  never,  fails  to  l>c,  in  nitrous  air,  the  flame  leenis  to  b’e.a  little  e?^- 
“ larged  at  its  edges,  by  another  blueifk  flame’added  to  it,  juft  before  its  ext'inc-- 
“ tion.”  Lxper.  and  Obfer.  vol.  i.  p.  222.  , ' 
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often  obtained  this  kind  of  nitrous  air  in  fome  period  of  the 
procefs,  when  iron  has  been  difTolved  in  very  diluted  nitrous 
acid  ; but  it  is  not  an  experiment  in  which  I can  fucceed  at 
pleafure.  Tin^  difTolved  in  nitrous  acid,  produces  a good 
quantity  of  it  By  expofing  nitrous  air  to  iron,  it  may  be 

changed  into  that  fpecies  of  it,  which  will  admit  a candle  to 
burn.  Dr.  Priestley  filled  an  eight-ounce  phial  with  nails, 
and  then  with  mercury,  then  difplaced  the  mercury  by  nitrous 
air,  and  thus  left  the  phial  inverted  in  mercury.  Two 
months  after,  the  nitrous  air  was  found  to  be  changed  into 
fuch  a ftate  as  to  admit  a candle  to  burn  in  it  with  its  natural 
flame;  and  by  continuing  flill  longer  in  contad:  with  the  iron 
nails,  it  was  fo  altered,  that  a candle  burned  in  it  with  an 
enlarged  flame.  Thefe  changes  however  are  very  irregular, 
fo  that  they  feldom  produce  the  like  effeds  with  the  regu- 
larity that  one  might  exped.  Dr.  Priestley  once  found, 
that  by  the  contad  of  iron  in  quickfilver,  it  was  fo  changed 
as  to  be  fired  with  an  explofion  like  a weak  inflammable 
air ; whilft  another  quantity  of  nitrous  air,  which  had  been 
treated  in  the  like  manner  for  about  the  fame  length  of  time, 
only  admitted  a candle  to  burn  in  it  with  an  enlarged  flame  f, 

* Exper.  and  Obferv.  vol.  iii.  p.  1 7. 

f “ Nitrous  air,  treated  in  the  manner  above-mentioned,  is  diminifhed  about 
one  fourth  oy  ftandirg  in  quickfilver  ; and  water  admitted  to  it  will  abforb 
about  half  the  remainder  j but  if  water  only,  and  no  quickfilver,  be  uftd 
•*  from  the  beginning,  the  nitrous  air  will  be  diminilhed  much  fafter  and 
farther;  fo  that  not  more  than  one-fourth,  one-fixth,or  one-tenth  of  the  origi- 
^ nal  quantity  will  remain,”  See  Exper.  and  Obfer.  vol.  i.  p.  216,  217. 
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By  expofure  to  iron-filings  and  brlmfioirc,  nitrous  air  is 
gradually  diminifiied  ; but  when  the  diminution  is  towards 
the  laft  ftage,  it  will  be  found  to  be  changed  into  the  ftate  of 

A* 

afiifiing  flame;  after  which  it  becomes  phlogiificated  air. 
It  is  very  remarkable,  that  when  the  nitrous  air  has  been 
brought  into  the  ftate  above-mentioned,  a very  little  agita^ 
tion  in  water  deprives  it  of  the  acquired  property,  and  then 
it  extinguiflies  flame,  and  retains  in  great  meafure  the  power 
of  diminiihing  common  air* 

. The  moft  ftriking  particular  in  this  tranfmutation  of  ni- 
trous air  is,  that  whereas  by  aflifting  the  combuftion  of  a can- 
dle, 8cc*  one  would  imagine  it  to  be  changed  into  falubrious 
air,  it  will  be  found,  upon  trial,  to  be  ftill  noxious  in  the 
higheft  degree,  animals  being  killed  as  foon  as  they  arq 
brought  into  it. 

Confidering  with  attention  its  various  properties,  it  feems 
probable  that  nitrous  air,  when  converted  into  the  above- 
mentioned  ftate,  is  compofed  of  tv/o  diftind  fluids  mechani- 
cally mt-ermixed  with  each  other,  one  part  of  it  feems  to 
be  ch'anged  by  the  procefs  into  good  air,  whilft  another  part 
retains  its  noxious  quality  of  ftimulating,  or  in  fome  other 
manner  aflecfting  the  lungs  of  animals,  fo  as  to  occafion  their 
death. — -Farther  experiments  are  certainly  wanting  to  eluci- 
date this  fubjed'. 

Nitrous  air  is  highly  noxious  to  animal  and  vegetable  life. 
Even  infeds  generally  die  the  moment  they  are  put  into  this 
gas.  Frogs,  fnails,  and  other  animals  VN^hich  do  not  breathe 
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very  frequently,  live  for  fome  minutes  in  this  kind  of  elaftic 
fluid,  but  at  lafl:  they  alfo  die*;  and  in  general  they  do  not  re- 
cover, even  if  taken  out  before  they  are  quite  dead. 

Plants  perifh  very  foon  in  nitrous  air;  and  alfo  in  common 
air  faturated  v^^ith  nitrous  air.  “ Alfo,  though,  in  general, ‘ 
“ plants  die  almoft  immediately  in  water  impregnated  with 
“ nitrous  air,  yet  in  one  cafe  of  this  kind,  when  the  fuper- 
“.fluous  nitrous  air  was  carefully  Itt-out  under  water,  fo  that 
“ no  part  of  it  was  decompofed- in  con  tad:  with  the  watery 
“ the  plant  grew  in  it  remarkably  well 

Although  nitrous  air  is  incapable-  to  aflifl;  vegetation  and 
animal  life,  yet  this  noxious  quality  feems  to  be  counter- 
balanced by  its  remarkable  property  of  hindering  putrefadionj 
fb  that  feveral  fiibflances  may  be  preferved  in  it  incorrupt  for 
a conflderable  time.  This  property  of  nitrous  air  was  firffc 
difeovered  by  Dr.  Priestley,  it  was- afterwards  exaggerated 
by  others  into  a mofl;  uleful  quality  ; but  the  value  of  it  was 
iaftly  reduced  to  its  real  ftandard  by  the  Dodor  himfelf,  who 
thus  exprefles  the  refult  of  his  impartial  experiments  “ Ni- 
“ trous  air  will,  indeed,  preferve  flefli-meat  from  putrefadion  ; 
“ but  after  long  keeping  in  this  manner,  it  becomes  very  of- 
“ fenflve,  both  to  the  noflrils  and  the  palate,  though  the 
“ fmell  is  not  altogether  that  of  putrefadion  ; and  indeed,  the 
“ fubflance  continuing  quite  firm,  it  could  not  be  properly 
“ putrid  -f*. 

* Priestley’s Exper.  andObfer.  vol.  iii.  p.  321. 
t Ibid.  vol.  iv.  § 6.  ' 
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In  the  firft  publication  of  rhy  papers,  having  experienced 
‘‘  the  remarkable  antifeptic  power  of  nitrous  air,  I propofed 
“ an  attempt  to  preferve  anatomical  preparations,  &c.  by 
“ means  of  it ; but  Mr.  Hey,  who  made  the  trials  found 
“ that,  after  fome  months,  various  animal  fubftances  were 
“ fhrivelled,  and  did  not  preferve  their  natural  forms  in  this 
“ kind  of  air 

Confidering  the  antifeptic  power  of  nitrous  air,  and  alfo 
its  being  fo  fatal  to  infecSls,  it  feems  not  improbable  but  that 
by  fome  means  it  might  be  applied  for  certain  difeafes  to  the 
human  body  \ perhaps,  if  introduced  by  way  of  clyfters  in- 
to the  inteftines,  it  might  deftroy  the  worms  in  them,  &c. ; 
but  hitherto  I have  not  heard,  that  it  has  been  at  all  tried  for 
fuch  purpofes  in  fome  unqueftionable  cafe.  Nitrous  air,  by 
mere  ftanding  by  itfelf,  viz,  not  in  contadl  with  any  thing 
which  may  be  eahly  altered,  feems  not  to  be  decompofed  nor 
in  any  way  changed.  Dr.  Priestley  found  that  a quantity 
of  nitrous  air,  kept  in  a corked  phial,  retained  its  property  of 
diminifhing  common  air,  as  much  as  it  had  do.ne  at  firfl,  for 
about  two  years  -f. 

The  contad  only  of  water  is  fufficient  to  decompofe  nitrous 
air  in  a great  meafure.  Not  only  its  power  of  diminifhing 
refpirable  air  is  gradually  weakened,  but  its  bulk  alfo  is  di- 
minilhed. — The  diminution  of  its  activity  is  perceivable  even 
after  that  the  nitrous  air  has  been  one  day  in  contact  with 

* Exper.  and  Obfer.  vol.  i.  p.  228. 
f Ibid.  vol.  iii.  p.  358. 
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water  ; and  it  is  almoft  intirely  loft  after  two  or  three 
months.  In  this  ftate  its  peculiar  fmell  is  very  weak,  and  an. 
animal  that  is  confined  in  it  does  not  die  quite  fo  foon  as  it 
would  have  done  in  new-made  nitrous  air  y in  fhort,  it  is 
in  the  ftate  of  phlogifticated  air.  It  is  plain,'  that  ’the 
various  quantity  of  nitrous  air,  and  of  the  furface  of  the 
water  to  which  it  is  expofed,  muft  occafion  great  diver- 
fity  in  the  production  of  thofe  effcCfs  ; but  even  when  all 
the  other  circumftances  are  alike,  fome  difference  feems  to 
be  occafioned  by  the  particular  nature  of  the  water,  and  of  the 
nitrous  air. 

It  might  be  naturally  fufpeCled,  that  the  above-mentioned 
decompofition  of  nitrous  air  is  occafioned  by  the  common  air 
which  exifts  in  the  water,  and  with  which  the  nitrous  air 
does  probably  come  into  contaCl ; but  this  fufpicion  is  re- 
moved by  obferving,  that  the  decompofition  of  nitrous  air  is 
occafioned  as  well  by  common  water,  as  by  water  that  has 
been  long  boiled,  or  out  of  which  the  air  has  been  exhaufted 
by  means  of  an  air-pump. 

By  agitation,  water  may  be  made  to  imbibe  about  one  tenth 
of  its  bulk  of  nitrous  air,  and  afterwards  the  nitrous  air  may 
be  again  extraCled  from  it  by  boiling.  The  water  to  be  em- 
ployed in  this  experiment  fhould  be  previoufly  deprived  of 
its  air.  “ I carefully  pumped,”  Dr.  Priestley,,  >'  all 

the  air  out  of  a quantity  of  rain-water,  letting  it  ftand  24. 
“ hours  in  a very  good  vacuum,  and  then  impregnated  it  with 
‘‘  nitrous  air  j when,  immediately  expelling  all  that  I could 
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of  it  by  the  heat  of  boiling  water,  I found  no  part  of  it 
“ fixed  air,  but  all  pure  nitrous  air,  though  not  more  than 
“ one  fourth  of  the  quantity  that  had  been  imbibed  by 

Dr.  Priestley  has  alfo  obferved,  that  by  freezing,  water 
is  deprived  of  all  the  nitrous  air  with  which  it  has  been  im- 
pregnated ; and  he  remarks,  that  water  impregnated  with 
nitrous  air  does  not  freeze  fo  foon  as  a quantity  of  the  fame 
water  not  impregnated  with  this  gas  “f.  When  nitrous  air  is 
agitated  in  a large  quantity  of  water  for  about  a quarter  of  an 
hour,  all  the  part  of  it  that  is  mifcible  with  water  is  abforbed 
by  it,  and  the  portion  which  remains  is  phlogifiicated  air  ; 
but  if  the  agitation  is  continued  ftill  longer,  this  phlogifii- 
eated  air  is  purified  fo  far  as  to  be  refpirable,  and  to  be 
diminifhable  by  other  nitrous  air.  Dr.  Priestley,  who 
made  this  remarkable  difcovery,  relates  one  of  his  experi- 
ments in  the  following  words  : — “ In  a pretty  long  time  I 
“ agitated  nitrous  air  in  water,  fupplying  it  from  time  to  time 
‘‘  with  more,  as  the  former  quantity  diminif[:ied,  till  only 
“ one  eighteenth  of  the  whole  quantity  remained  ; in  which 
‘‘  ftate  it  was  fo  wholefome,  that  a moufe  lived  in  two  ounce 
“ meafures  of  it  more  than  ten  minutes,  without  fhewing 
“ any  fign  of  uneafinefs  ; fo  that  I concluded  it  mufl:  have 
“ been  about  as  good  as  air  in  which  candles  had  burned 
out. 

* Exper.  and  Obfer.  vol.  iii.  p.  109. 
t Ibid.  vol.  iii.  p.  359. 
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After  agitating  it  again  in  water,  I put  one  part  of  frefh 
“ nitrous  air  to  five  parts  of  this  air,  and  it  was  diminifiied 
‘‘  one  ninth  part. 

“ I then  agitated  it  a third  time,  and  putting  more  nitrous' 
air  to  it,  it  was  diminifiied  again  in  the  fame  proportion  ; 
“ and  fo  a fourth  time : fo  that,  by  continually  repeating 
the  procefs,  it  would,  I doubt  not,  have  been  all  abforbed.' 
“ Thefe  procefies  were  made  in  lime-water,  without  forming 
any  incruftation  on  the  furface  of  it 
Frefh-made  nitrous  air  is  more  eafily  and  in  greater  quan- 
tity abforbed  by  water,  than  that  which  has  been  kept  a long 
time. 

Water,  impregnated  with  nitrous  air,  acquires  very  little 
acidity,  fo  that  it  can  be  juft  difcovered  by  the  tindure  of 
turnfole  -t;  but,  as  Mr.  Bewly  obferved,  if  common  air 
comes  into  contad  with  it,  then  the  nitrous  air  being  de- 
Gompofed,  the  water  will  become  very  fenfibly  impregnated 
with  nitrous  acid.  Mr.  Bewly  impregnated  fome  water 
with  nitrous  air,  and  then  faturated  it  with  fixed  alkali; 
laftly,  by  evaporating  this  water,  he  obtained  fome  cryftals 
of  nitre.  Indeed,  the  decompofition  of  a large  quantity, of 


’*  Exper.  and  Obfer.  vol.  i.  p.  19O. 

-)-  If  a pretty  large  quantity  of  nitrous  air  is  admitted  into  ajar  containing  a 
folution  of  turnfole  in  water,  out  of  whieh  the  air  has  been  extradted'by  boiling 
or  otherwife,  the  folution  will  become  evidently  red,  and,  as  Mr.  Fontana  ob- 
ferves,  much  more  fo  than  if  the  faid  folution  had  not  been  deprived  of  its  air. 
— This  redneib  of  the  tindure  of  turnfole  may  be  rendered  ftill  more  confpicuous 
by  a little  agitation.  3 
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nitrous  air,  by  means  of  common  air  in  contacfl  with  water,' 
may  impregnate  the  water  with  nitrous  acid  to  fuch  a de- 
gree, as  to  render  it  Ifrong  aqua  fortis.  “ I found,” 

Dr.  Priestley,  ‘‘  that  I could  make  4 4-  ounce  meafures  of 
“ water  receive  all  the  acid  'that  could  be  fupplied  by  300 
“ ounce  meafures  of  nitrous  air ; and  that  then  the  water 
“ was  become  quite  blue.  But  water,  impregnated  with  the 
“ nitrous  acid  vapour,  either  in  this  manner,  or  from  the  fo- 
“ lution  of  metals  in  ftrong  nitrous  acid,  adheres  to  it  very 
“ {lightly,  and  can  hardly  be  prevented  from  making  its  ef- 
**  cape 

From  the  above-mentioned  obfervations  it  appears,  that 
the  nitrous  acid  exifts  in  nitrous  air  in  a Bate  of  combination 
with  the  other  components  of  that  permanently  elaftic  fluid, 
fo  as  not-  to  be  perceived  in  it  except  when  the  nitrous  air 
is  decompofed  ; and  that  the  purefb  water,  even  when  de- 
prived of  its  air,  is  capable  of  decompoflng  that  elaftic 
fluid’ 

When  water  impregnated  with  nitrous  air  is  left  expofed  td 
the  atmofphere,  or  is  froze,  fo  that  the  gas  may  efcape  from 
it,  a fediment  is  obfervable  in  the  veflel,  which  generally  is 
of  a browniib  colour,  though  fometimes  it  is  whitifli.  Thd 
colour  of  this  fediment  feems  not  to  depend  at  all-  upon  the 
kind  of  metal  ufed  for  the  production  of  the  nitrous  air,  flnee 
when  the  very  fame  metal  has  been  employed,  the  fediment 


* Exper.  and  Obfer.  vol.  iii.  p.  i6i. 
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is  fometimes  brown  and  fometimes  whitifli.  This  fediment 
however  fhews,  that  an  earthy  matter  enters  into  the  com- 
pofition  of  nitrous  air. 

Behdes  water,  nitrous  air  is  abforbed  by  various  other  flu- 
ids, and  the  phenomena  obfervable  in  home  cafes  of  that  fort 
are  very  remarkable.  Strong  and  colourlefs  oil  of  vitriol 
imbibes  about  as  much  nitrous  air  as  water  can  do.  It  re- 
quires about  the  fame  degree  of  agitation  ; and  from  this  im- 
pregnation acquires  a purple  colour  *.  Marine  acid  imbibes  a 
very  fmall  quantity  of  nitrous  air,  and  very  flowly,  and  by  this 
impregnation  it  becomes  of  a light-blue  colour  *.  The  nitrous 
acid  abforbs  nitrous  air  with  remarkable  quicknefs,  and  from 
this  impregnation  its  colour  is  changed  f.  Dr.  Priestley 
defcribes  one  of  his  experiments,  relating  to  this  point,  in  the 
following  manner  : — ‘‘  Having  filled  a phial,  containing  ex- 
“ adly  the  quantity  of  four  penny- weights  of  water,  with  a 
‘‘  flrong  pale  yellow  fpirit  of  nitre,  with  its  mouth  quite  clofe 
“ to  the  top  of  a pretty  large  receiver,  ftanding  in  water,  I 
“ carefully  drew  out  almoft  all  the  common  air,  and  then 
“ filled  it  with  nitrous  air ; and  as  this  was  ablbrbed,  1 kept 
“ putting  in  more,  till,  in  lefs  than  two  days,  it  had  com^ 
“ pleatly  abforbed  130  ounce  meafures. 

“ Prefently  after  this  procefs  began,  the  furface  of  the 

* See  Exper.  and  Obfer.  vol.  iii.  p.  129. 

f This  change  of  colour  is  evidently  owing  to  the  phlogiifon,  which  the  ni- 
trous acid  acquires  from  the  nitrous  air. 
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acid  afllimcd  a deep  orange-colour,  and  when  20  or  30 
“ ounce  meafures  of  air  were  abforbed,  it  began  to  be  fen- 
‘‘  (ibly  green  at  the  top  ; and  this  green  kept  defcending 
“ lower. and  lower,  till  it,  reached  the  bottom  of  the  phial. 
“ Towards*  the  end  of  the  procefs,  the  evaporation  of  the 
“ acid  was  perceived  to  be  very  great  ; and  when  I took  it 
“ out,  the  quantit-y-w.as ‘found  tp.  have  been  diminiflied  exadl- 
“ ly  one-ha'lf  ;;  ’£or  .theye^.remaihed:no  more  than  the  quantity 
“ of  two  penny- weights  of  water.  Alfo  it  had  become,  by^ 
“ means  of  this  procefs.,  ^and  .the  evaporation  together,  ex- 
“ cecdingly.’weak,,  and  was- rather  blue  than, green  , 

It, is  very  remarkable, ^that.,bQthr nitrous  air,  and  common 
air  phlogiftieatfedT.y; aitrous  air, -are  meliorated  by  agitation 
in  nitrous  acid  ; fo.that^they  fuffer  a fenfible  diminution  if 
afterwards  they  are  mixed  with  other  nitrous  air  -f*.  » 

- Radio ahv-iheg&t^  ‘thp  concentrated  vegetable  acid,  ab- 

forb  nitfpi^s  air  much Tafter  fthan  water;  and  the  latter  af- 
fumes'a  dark' .purple,  whilft  the 'former  is  not  altered  by  this 
impregnation  f.  , 

..  Thie  fojutiom  of  green ' vitriol  in  water  imbibes  nitrous  air 
much  eafier  than  Abater,  and  in  a far  greater  quantity.  By 
this  impregnation  thcfolution  acquires  a black  colour;  but 
which  acquired  colour  i't  lofes  by  expofure  to  common  air. 


• Exper.  and  Obfer.  vol.  iii.  p.  123. 
■f  Ibid.  p.  128. 

X Ibid.  p.  130. 
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Its  tafte  becomes  alfo  acid,  owing  no  doubt  to  the  nitrous 
acid  acquired  from  the  nitrous  air 

Cauftic  alkalies  abforb  very  little  of  nitrous  air. 

Olive-oil  abforbs  a coniiderable  quantity  of  nitrous  air, 
but  very  flowly.  By  this  impregnation  the  oil  is  coagula- 
ted. 

Oil  of  turpentine  abforbs  nitrous  air  very  faft,  and  in  large 
quantity.  If  a little  agitation  be  ufed,  the  oil  of  turpentine 
may  be  made  to  imbibe  more  than  ten  times  its  bulk  of  ni- 
trous air,  and  that  in  as  eafy  a manner  as  fixed  air  is  made  to 
mix  with  water.  By  this  impregnation  the  oil  acquires  a 
yellowifii  or  orange-colour,  and  becomes  a little  glutinous. 
That  part  of  the  nitrous  air  which  is  not  abforbable  by  the 
oil  of  turpentine,  remains  in  the  (late  of  phlogifticated 
air  •f.  ‘ • 

“ Ether,”  Dr.  Priestley,  has  the  fame  power  of 
‘‘  abforbing  nitrous  air  that  oil  of  turpentine  poffefles.”— • 
That  ;part  of  it  which  is  not  abforbed,  poffefles  no  nitrous 
property:};. 

Spirit  of  wine  abforbs  nitrous  air  very  fafl,  hut  is  foon  latu- 
rated  with  it,  fo  that  it  cannot  imbibe  much  more  than  its  own 
l^ulk  of  it.  By  this  impregnation  the  fpirit  does  not  acquire 
any  colour  §.*  If  heat  be  applied,  cither  to  the  fpirit  of  wine 

* Experiments  and  Obfer.  voU  iv.  p.  48  and  5-2. 

-j-  Ibid.  vol.  iii.  p.  112. 

Ibid.  p.  1 15. 

$ Ibid.  p.  119. 
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or  to  the  oil  of  turpentine,  thus  impregnated,  no  nitrous  air 
will  be  obtained  from  them. 

The  mixture  of  iron-filings  and  brimftone,  made  into  a 
pafie  with  water,  abforbs  about  three  fourths  of  a quantity  of 
nitrous  air  that  is  expofed  to  it,  the  procefs  being  accom- 
panied with  heat. — “ The  effed:  of  this  procefs  is  generally 
“ perceived  in  five  or  fix  hours,  about  which  time  the  vifible 
“ effervefcence  of  the  mixture  begins  ; and  in  a very  ftiort 
“ time  it  advances  fo  rapidly,  that  in  about  an  hour  almoft 
the  whole  eflFeft  will  have  taken  place  — The  refiduum 
does  not  fmell  like  nitrous  air ; it  is  not  abforbable  by 
water,  nor  by  a frefii  mixture  of  iron- filings  and  brimftone  j 
in  ftiort,  it  is  phlogifticated  air  f. 

Liver  of  fulphur  diminifties  nitrous  air  in  a very  great  pro- 
portion, by  combining  with  its  acid  ; the  refiduum  fome- 
tiraes  being  lefs  than  the  twentieth  part  of  the  whole  quan- 
tity. 

When  about  three  fourths  of  the  nitrous  air  are  thus  dif- 
appeared,  the  remainder  is  in  the  ftate  of  phlogifticated  air 
Mr.  Bewly’s  pyrophorusy  of  which  mention  has  been  made 
above,  does  alfb  decompofe  nitrous  air,  and  leaves  the  re- 
fiduum in  the  ftate  of  phlogifticated  air  $• 

* Exper  and  Obfer.  vol.  i.  p.  118. 

f This  decompofition  of  nitrous  air,  by  iron-filings  and  briniftone,  does  not 
impart  the  leaft  perceivable  acidity  to  the  water  over  which  it  is  made  j it  is 
therefore  clear,  that  the  nitrous  acid  muft  be  imbibed  by  the  mixture* 

X The  diminution  of  nitrous  air,  by  brimftone  and  iron-filings,  or  by  liver  of 
fulphur,  happens  in  the  very  fame  manner  in  quickfilver  as  in  water.  Exper.  and 
Obfer.  vol.  i.  p.  225.' 

§ Priestley’s  Exper.  and  Obfer.  vol.  iv.  p.  64, 
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The  phofphorus  of  urine  gives  no  light  in  nitrous  air. 
Eledric  fparks  do  alfo  decompofe  nitrous  air. — I nearly 
“ filled.a  phial,  containing  about  fix  ounce  meafures  of  ni- 
M tcou&.air,  confined  by  quickfilver  ; and  taking  the  eledric 
V.  1 park  within  it,  it  was  in  about  an  hour  diminiflaed  about 
“ one  half,  but  after  that  very  little.  The  quickfilver  was 
“ much  corroded,  and  a candle  went  out  in  the  remainder  of 
“ the  air,— r- — I repeated  the  exppirnent  in  a tube  a quarter 
‘^'of  .an  ‘inchTn  diameter,,  receiving,  the  fpark  upon  water 
“.itinged  blue  with  the  juice  of  turnfole.;  and  the  diminution 
vv^asfo'qukhj  that  the  motion  of  the  water  up  the  tube  was 
.conftantjy  fenfibk  to  the  eye.  The  water  was  deeply  and 
“ permanently  red  ’ ' 

Haying -expofed* a Quantity  of  veryriflorid  blood  to  uitrous 
ajr,  Dr.  Priestley  obferved,  that  the  gas  *w, as  confiderably 
diminifiied  by  it,'  and  loft  part  .of  its, power,  of  diminifldpg 
common  air.  It  feems  evident,  that  the  blood  attrads^.^h? 
|>h'logift(^n  of -the  nitrous  air  f.  rr'  ,r  ; jooJl  .( // 

, The  effeds  produced  by  a bladder  upon  , nh/otrs  ^ir,  ^ 
they  were  afcertained  by  Dr.  P-RaESTLEy,,are>veryTtemark^le. 
-^If  a bladder -’fiLill  ^;,riitrQUs  air  is  kept  it\tir^ly  undjer  y^ater, 
or  quite  out  of  it,,^the  nitrous  air  is  very  little  alt^r^d,  per- 
haps not  more  than  if  it  had  been  confined  by  water  in  glafs 
veflels  ; but  if  the  bladder  containing  the  nitrous  air  be  al- 
ternately wetted  and  dried,  then  the  nitrous  air  is  diminifhed, 

* Priestley’s  Exper.  and  Obfer.  vol.  iv.  p.  64. 

t Exper.  and  Obfer.  vol.  iii.  p*‘  76. 
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decompofed,  and,  when  the  diminution  is  accomplifhed, 
which  will  take  place  after  about  two  or  three  days,  the  re- 
iiduum,  which  is  about  t of  the  whole,  will  be  found  to  be 
phlogifticated  air  In  this  decompofition,  both  the  phlo- 
gifton  and  the  acid  of  the  nitrous  air  are  evidently  imparted 
to  the  water,  Iince  this  taftes  very  acid,  and  cafily  phlogifti- 
cates  common  air.  “ Having  put  rain-water  into  a bladder, 
“ and  filled  it  up  with  nitrous  air,  I tied  it  up  very  dole, 
“ and  left  it  to  fwim  in  a bafon  of  water,  taking  care  that 
“ the  mouth  of  it  was  always  under  the  water.  After  a 
“ week,  perceiving  that  it  was  fbrunk  up  to  about  one  fourth 
“ of  its  bulk,  I opened  it,  carefully  prefiing  out  the  water 
into  a clean  phial  ; when  I found  the  air  within  it 
“ thoroughly*  phlogifticated,  not  aftedling  common  air  in  the 
“ fraalieft  degree/>and  the  water  was  exceedingly  acid,  very 
turbid, ^a- little  inclined  to  yellow,  and  prefently  made  a 
depofit  of  the  fame  colour 

■ From  all  the  above-mentioned  phenomena  it  appears,  that 
nitrous'  ait^  is* > decompofed  whenever  it  meets  with  any  fub- 
ftance  capable  of  attracting  its  phlogifton  or  its  acid.  When 
one  of  thofe  principles  is  attracted,  the  other  components  of 
the  nitrous  air  are  fet  at  liberty <•  Hitherto  it  has  not  been 
obferved,  that  any  fubftance  dccompofes  nitrous  air ' by  at- 
tracting fo me  other  of  its  components  befides  the  acid  and 

* The  beft  method  of  performing  this  experiment  is,  to  leave  the  bladder,  that 
contains  the  nitrous  air,  to  fwim  over  the  fiirface  of  the  water. 

"t  Exper.  and  Obfer.  vol.  iii.  § 14. 
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uhe  inflammable  principles  ';  though  this  may  perhaps  happen 
in  fome  circumflance  or  other.  It  appears  alfo,  that  the 
elements  of  nitrous  air  are  pretty  eaflly  feparable  from  each 
other ; perhaps  eafler  than  thofe  of  any  other  permanently 
elaftic  fluid.  The  phlogifton,  for  inftance,  of  inflammable 
air  will  not  be  feparated  from  the  other  components  of  the 
inflammable  air,  nor  can  it  be  imparted  to  common  air  with- 
out a great  degree  of  heat  or  acflual  inflammation ; but  the 
phlogifton  of  nitrous  air  is  eaflly  communicated  to  common 
air  on  the  very  fir  ft  contad,  and  without  the  application  of 
any  heat. 

The  general  oblervation,  that  nitrous  air  is  decom- 
pofed  only  when  it  meets  with  any  fubftance  that  has 
affinity  with  any  of  its  two  principal  ingredients,  takes  place 
alfo  in  the  mixture  of  nitrous  air,  and  other  permanently 
elaftic  fluids. — Nitrous  airf  fays  Dr.  Priestley,  “ ad- 
“ mitted  to  alkaline  air,  likewife  occafloned  a whitifli  cloud, 
“ and  part  of  the  air  was  abforbed ; but  it  prefently  grew 
“ clear  again,  leaving  only  a little  dimnefs  on  the  fides  of  the 
“ veflel.  This,  however,  might  be  a kind  of  fait,  formed 
“ by  the  union  of  the  two  kinds  of  air.  There  was  no 
“ other  fait  formed,  that  I could  perceive.  Water  being  ad- 
“ mitted  to  this  mixture  of  nitrous  and  alkaline  air,  prefently 
abforbed  the  latter,  and  left  the  former  poflefled  of  its 
“ peculiar  properties 

* Expcr.  and  Obfer.  vol.  i.  p.  I’jxl 
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Nitrous  air  is  alfo  diminiflied  by  nitrous  acid  vapour,  and 
the  remainder  is  left  in  the  ftate  of  phlogifticated  air  ; but 
we  fhall  take  particular  notice  of  it  in  the  chapter  on  nitrous 
acid  air^  or  vapour. 

The  mixture  of  nitrous  air  with  the  other  elafiic  fluids,  that 
are  not  refpirable,  does  not  prefent  any  remarkable  pheno' 
mena  ; but  when  nitrous  air  is  admitted  to  common  or  de- 
phlogifticated  air,  or,  in  fhort,  to  any  refpirable  air,  the  ef- 
feds  arifing  from  it  are  very  flriking. 

It  hds  been  already  fufficiently  remarked,  that  the  mixture 
of  nitrous  and  refpirable  air  occafions  a rednefs,  beat,  and  a 
diminution  of  the  bulk  of  both  elafiic  fluids,  which  is  in 
proportion  to  the  goodnefs  of  the  refpirable  air ; being 
greater  when  the  refpirable  air  is  purer,  and  contrariwife. 
But  in  this  place  we  fhall  take  notice  of  fome  other  par- 
ticulars, which  are  more  nearly  related  to  the  nature  of  ni- 
trous  air.  That,  when  nitrous  air  is  mixed  with  refpirable 
air,  both  of  them  muft  fuffer  a diminution,  is  evident  from 
the  remainder,  which  in  fome  cafes  is  lefs  than  the  bulk  of 
either  of  the  elafiic  fluids  employed  ; but  it  is  diflicult  to  de- 
termine how  much  of  each  elafiic  fluid  is  diminiOicd.  Dr. 
Priestley  remarks,  that  the  diminution  is  not  of  equal  quan- 
tities of  the  two  elafiic  fluids,  “ fay  she  ^ “ of  about  one 

“ fifth  of  the  common  air,  and  as  much  of  the  nitrous  air  as 

is  neceffary  to  produce  that  effed  ; which,  as  I have  found 
“ by  many  trials,  is  about  one  third  as  much  as  the  original 
“ quantity  of  common  air.  For  if  one  meafure  of  nitrous 
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“ air  be  put  to  two  meafures  of  common  air,  in  a Tew 
minutes  (by  which  time  the  effervefcence  will  be  over,  and 
the  mixture  will  hav^e  recovered  its  tranfparency)  there  Vv^ill 
“ want  about  one  ninth  of  the  original  two  meafures;  and 
‘‘  if  both  the  kinds  of  air  be  very  pure,  the  diminution  will 
“ dill  go  on  dowly,  till,  in  a day  or  two,  there  will  remain 
“ only  one^hith  of  the  original  quantity  of  common  air 
The  Dodlor  alfo  obferves,  that  if  a fmall  quantity  of  com- 
mon air  be  admitted  to  a large  quantity  of  nitrous  air,  a di- 
minution will  take  place  ; but  yet  their  joint  and  diminifhed 
bulk  will  be  always  greater  than  the  original  quantity -of  ni- 
trous air  only.  “ One  ounce  meafure  of  common  air  being 
“ put  to  near  20  ounce  meafures  of  nitrous  air,  made  an  ad- 
“ dition  to  it  of  about  half  an  ounce  meafure  f.”  . 

Mr.  Lavoisier  fays,  that  16  parts  of  common  air,  and  7 f 
parts  of  nitrous  air,  are  requifite  for  a complete  faturation, 
and  that  in  this  cafe  the  whole  quantity  of  nitrous,  and  one 
fourth  of  the  common  air  difappear.  Mr.  Fontana  is  alfo 
of  opinion,  that  the  greateft  diminution  is'fuffered  by  the  ni- 
trous air  ; and  indeed  this  opinion  feems  to  be  true  upon 
various  confiderations.  Firft,  if  we  refledl  upon  Dr.  Priest- 
ley’s experiment,  mentioned  in  his  fourth  volume  of  Experi- 
ments and  Obfervations,  p.  246,  vi:^.  when  he  found  that 
two  meafures  of  nitrous  air,  being  mixed  with  one  meafure  of 

* Exper.  and  Obfer.  vol.  i.  p.  sio.  . 

4 Ibid.  p.  112. 
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deplilogifticated  air,  the  fum  of  their  bulks,  after  the  diminu- 
tion, was  equal  to  rl^ths  of  a meafure,  we  muR  conclude, 
that  the  nitrous  air  fuffered  the  greatefl  diminution  ; for,  even 
fuppohng  that  the  whole  of  the  dephiogiRicated  air  had  dif- 
appeared,  yet  two  meafures,  lefs  T^ths  of  a meafure  of  ni- 
trous air,  muR  alfo  have  difappearcd,  which  is  more  than  the 
original  quantity  of  the  dephlogiRicated  air  employed. 
Secondly,  it  is  known  by  various  other  experiments,  that 
when  common  air  is  completely  phlogiRicated  by  any  other 
mean,  in  which  the  air  is  not  abforbed,  the  diminution 
of  common  air  amounts  to  about  one  quarter  of  the  whole 
quantity,  and  afterwards  the  remaining  two  thirds  are  com- 
pletely phlogiRicated,  fo  that  nitrous  air  cannot  diminifh  it 
any  farther.  Therefore  it  feems  natural 'to  fuppofe,  that 
\vhcn  common  air  is  completely  phlogiRicated  by  nitrous  air, 
it  fuRers  the  fame  diminution.  Now,  if  one  meafure  of 
nitrous  is  mixed  with  two  meafures  of  common  air,  after  the 
diminution,  the  joint  bulk  of  thofe  two  claRic  fluids  will  be 
found  to  be  equal  to  about  1,95  meafure  ; fo  that  one  mea- 
furc,  more  five  hundredths  of  a meafure,  of  elaRic  fluid 
are  vaniflied  ; from  which  taking  away  half  a meafure  (which 
is  one  quarter  of  the  whole)  for  the  diminution  of  two  mea- 
fures of  common  air.  Rill  more  than  half  a meafure  (properly 
0,55  of  a meafure)  are  wanting,  which  is  evidently  the  di- 
minution fiiflered  by  the  nitrous  air,  and  is  greater  than  the 
diminution  of  the  common  air. 

Idle  cfledls  obfervable  when  nitrous  air  is  mixed  with  re- 

4 Y fpirable 


714  Of  the  Nature  and  Properties  of  Air ^ 

fpirable  air,  vi%.  the  rednefs,  the  turbid  appearance,  the  heat, 
and  the  diminution  of  bulk,  are  altered  by  feveral  circum- 
ftances.  If  the  procefs  be  performed  in  quickfilver,  the  red- 
nefs does  not  difappear  fo  foon  as  in  water.  The  diminution 
requires  alfo  a longer  time  before  it  be  compleated,  and  at 
laft  it  is  not  fo  great  as  when  the  procefs  is  performed  in 
water.  If,  after  that  the  two  elaftic  fluids  have  been  mixed 
in  quickfllver,  fome  water  be  admitted  into  the  veffel,  the 
rednefs  of  the  mixed  elaftic  fluid  will  foon  fubftde,  and  its 
bulk  will  thereby  be  diminilhed  a little  farther.  But  the 
moft  remarkable  circumftance  is,  that  if  the  water  be  ad- 
mitted a fhort  time  after  the  mixing  of  the  two  elaftic  fluids, 
the  above-mentioned  farther  diminution  will  be  more  con- 
flderable,  than  if  the  water  be  admitted  a longer  time  after 
the  mixture.  After  about  8 hours,  this  diminution  of  the 
mixt  elaftic  fluid,  occafloned  by  the  admiflion  of  water,  is  juft 
perceivable,  but  no  fenflble  diminution  will  happen  if  the 
water  be  admitted  about  12  hours  after. — “ It  is  evident,” 
fays  Dr.  Priestley,  from  thefe  experiments,  that  the  di- 
‘‘  minution  is  in  part  owing  to  the  abforption  by  the  water  ; 
“ but  that  when  the  mixture  is  kept  a long  time  in  a fltuation 
“ in  which  there  is  no  water  to  abforb  any  part  of  it,  it  ac- 
“ quires  a conftitution  by  which  it  is  afterwards  incapable  of 
“ being  abforbed  by  water 

The  rednefs  ariflng  from  the  mixture  of  nitrous  and  re- 
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rpirable  air,  is  certainly  owing  to  the  nitrous  acid  which  is  fet 
at  liberty,  when  the  other  principal  component  of  nitrous  air, 
viz.  the  phlogifton,  is  attracted  by  and  combines  with  the  com- 
mon air*. — The  vapour  of  the  nitrous  acid  in  this  cafe  is 
condenfed,  and  affumes  the  properties  which  that  acid  is  wont 
to  have,  viz.  it  combines  with  alkalies,  it  renders  acid  the 
water  that  abforbs  it,  (and  we  have  already  remarked,  that 
water  can  abforb  the  nitrous  vapour  of  a vaft  quantity  of 
decompofed  nitrous  air)  it  reddens  the  blue  tindure  of 
vegetables,  and  it  even  corrodes  the  quickhlver,  when  the 
procefs  is  made  in  this  fluid.  It  is  for  this  reafon,  that  the 
rednefs  ariflng  from  the  mixture  of  refpirable  and  nitrous  air 
difappears  fooner  in  water  than  in  quickfllver,  and  ftill  fooner 
if  the  veflel  be  agitated  in  water. 

Dr.  Priestley  has  a very  fine  method  of  fliewing  the 
mixture  of  alkali  with  the  nitrous  acid  vapour  in  the  above- 
mentioned  cafe. — “ In  diverfifying,”  fays  he,  this  experi- 
“ ment,  I found,  that  it  appeared  to  very  great  advantage 
“ when  I fufpended  a piece  of  volatile  fait  in  the  common 
“ air  previous  to  the  admiflion  of  nitrous  air  to  it,  inclofing 
“ it  in  a bit  of  gauze,  muflin,  or  a fmall  net  of  wire.  For, 
“ prefently  after  the  rednefs  of  the  mixture  begins  to  go  ofF, 
the  white  cloud,  like  fnow,  begins  to  defcend  from  the 
“ fair,  as  if  a white  powder  was  fl:iaken  out  of  the  bag  that 

* It  is  evident,  that  when  common  air  has  been  thus  completely  phlogifti- 
cated,  any  farther  addition  of  nitrous  air  will  not  occafion  any  diminution  or 
rednefs,  becaufe  the  air  is  rendered  incapable  of  attradling  more  phlogifton,  and 
confequently  of  decompofing  more  nitrous  air. 
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contains  it.  This  white  cloud  prefently  fills  the  whole 

vefiel,  and  the  appearance  will  lafl:  about  five  minutes 

If  the  nitrous  and  common  air  be  mixed  together  by  little 
and  little,  as  muft  be  the  cafe  w'hen  a very  narrow  vefiel  is 
ufed,  and  without  any  agitation,  the  diminution  is  lefs  than 
it  would  have  been,  if  the  fame  quantities  of  elaflic  fluid 
had  been  mixed  in  a wide  vefifel,  where  almofi:  the  whole  of 
one  elaflic  fluid  could  have  come  into  contad  with  the  other. 
This  obfervation  feems  to  fliew,  that  the  befl  method  of  ex- 
amining the  purity  of  refpirable  air,  by  means  of  the  nitrous 
tafle,  would  be,  to  mix  the  two  elaflic  fluids  in  a large  vef* 
fel  y but  then  we  meet  another  objedion,  which  is,  that  in 
the  large  vefiel  the  diminiflied  bulk  of  elaflic  fluid  cannot  be 
meafured  with  exadnefs.  It  might  indeed  be  afterwards 
pafl'ed  from  the  large  vefiTel  into  a narrow  one,  in  order  to 
meafure  its  quantity;  but  the  mixture  of  nitrous  and  com- 
mon air  fuflers  a little  diminution  by  being  thus  pafied  from 
one  vefiel  into  another  through  water  ; and  this  diminution  is 
greater  or  lefs,  according  as  the  mixed  elaflic  fluid  is  pafied 
through  the  water  fooner  or  later  after  being  mixed.  It 
varies  alfo  according  to  the  different  proportion  of  the  two 
elaflic  fluids  ; which  would  occafion  a confiderable  uncer- 
tainty. 

The  mixture  of  nitrous  and  common  air  occafions  alfo  a, 
precipitation  of  lime  in  lime-water ; which  fliews,  that  fome 
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fixed  air  is  generated,  but  the  quantity  of  it  is  very  fmall ; fo 
that  when  fmall  quantities  of  the  two  elaftic  fluids  are  ufcd, 
the  whole  procefs  mufi;  be  made  in  lime-water,  in  order  to 
render  the  precipitation  of  the  lime  manifeft.  The  very 
fmall  quantity  of  the  fixed  air  thus  generated,  is  far  from 
juftifying  the  fufpicion  that  the  diminution  obferv^ed  in  the 
mixture  of  nitrous  and  refpirable  air  is  entirely,  or  in  great- 
part,  owing  to  the  precipitation  of  fixed  air. 

All  the  above  mentioned  circumftances,  which  alter  the 
diminution  occafioned  by  mixing  nitrous  and  refpirable  air, 
confirm  and  fliew  the  reafons  of  the  remark  repeatedly  made 
in  the  preceding  part  of  this  work,  in  which  feveral  particular 
methods  of  examining  the  purity  of  refpirable  air  by  the  ni- 
trous tafte  were  deferibed  ; viz.  thatunlefs  the  experiments  be 

A 

made  conftantly  in  the  fame  uniform  manner,  no  dependance 
can  be  put  upon  their  relults. 

It  has  been  mentioned  tow^ards  the  beginning,  of  this  chap- 
ter, that  nitrous  air  was  principally  compofed  of  nitrous  acid 
and  phlogifton  ; and  the  above-related  properties  evidently 
demonflrate  the  truth  of  the  propofition  ; yet  fome  doubt 
might  be  entertained  in  regard  to  the  mode  of  the  exiflence 
of  the  nitrous  acid,  v/hich  might  be  thought  unneceffary  to 
the  conflitution  of  nitrous  air,  and  as  being  only  mechanically 
fufpended  in  that  elaftic  fluid  ; but,  without  any  other  con- 
fideration,  this  fufpicion  is  cafily  removed  by  an  experiment  of 
the  Tuc  De  Chaulnes.-  This  great  philofcpher  introduced 
the  tindure  of  turnfole  into  a quantity  of  nitrous  air,  by 
I o 
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means  of  an  apparatus  which  prevented  the  entrance  of  any 
common  air  into  the  nitrous  air,  and  alfo  prevented  the 
tindlure  from  touching  the  water  by  which  the  nitrous  air 
was  confined  in  the  glafs  vefTel.  The  refult  of  this  experi- 
ment was,  that  the  tindlure  did  not  become  red  in  the  lead 
degree  ; which  fhews,  that  the  acid  of  the  nitrous  air  exifts 
in  a ftate  of  combination  with  the  other  components  of  that 
elaftic  fluid,  in  which  flate  it  cannot  fhew  any  properties  of 
an  acid,  no  more  than  the  vitriolic  acid  can  fhew  any  acid 
property  whilfl  it  exifts  in  a flate  of  combination  with  the 
inflammable  principle  in  a piece  of  fulphur  *.  The  inflru- 
ment  ufed  for  this  curious  experiment  is  delineated  in  fig.  ii. 
plate  IIL  It  confifls  of  two  bent  wires,  ABC  and  D E F, 
whofe  form  is  clearly  fhewn  by  the  figure.  The  wire  ABC 
holds  a fmall  glafs  vefTel  I,  at  its  extremity  C,  into  which 
the  tindlure  is  to  be  put,  and  has  two  fockets  G and 
H,  through  which  the  other  wire  D E F Hides  up  and 
down.  To  the  end  F of  this  other  wire,  the  covering  of 
the  vefTel  I is  faflened,  which,  when  the  wire  D E F is  pufhed 
down,  (huts  the  mouth  of  the  vefTel  I,  and  uncovers  it  when 
the  faid  wire  is  drawn  a little  way  upwards. 

When  the  tindlure,  6cc,  is  put  into  the  vefTel  I,  and  the 
covering  F clofes  it,  the  operator,  holding  the  inftrument  by 
A D,  plunges  it  into  the  water  of  the  tub  in  which  the  jar 

* Wc  have  remarked,  in  the  preceding  pages,  that  the  tindure  of  turnfole 
is  turned  red  by  agitating  nitrous  air  in  it  but  in  that  cafe  the  nitrous  air  is 
decompofed,  as  it  is  decompofed  when  agitated  in  the  pureft  water. 


with 
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with  the  nitrous  air  is  ftanding,  brings  the  part  I C F G 
under  the  jar,  and,  drawing  the  inftrument  upwards  in  an 
erecl  pofition,  elevates  the  part  I C F G above  the  furface  of 
the  water  within  the  jar,  and  the  part  D A B E out  of  the 
faid  jar  ; then,  holding  the  wire  A Eeady,  pulls  the  wire  D 
upwards,  which  uncovers  the  veflel  I within  the  nitrous  air. 
— Such  inftrument  may  be  alfo  applied  to  various  other  ex- 
periments. 

When  the  nitrous  air  is  firft  produced,  it  appears  generally 
red,  the  reafon  of  which  is,  that  then  fome  fuperfluous  nitrous 
acid  vapour  is  contained  in  it,  which  reddens  the  tindlure  of 
turnfole,  combines  with  acids,  8cc.  ; but  this  vapour  imme- 
diately fubfides,  efpecially  if  the  procefs  is  made  in  water,  in 
which  cafe  the  water  abforbs  it,  and  becomes  acid,  and  then 
the  nitrous  air  remains  in  its  natural  Bate. 

Befides  nitrous  acid  and  phlogifton,  it  is  more  than  pro- 
bable that  an  earth,  perhaps  a metallic  earth,  enters  into  the 
compofition  of  nitrous  air.  The  depofit  left  by  it  in  water, 
and  even,  in  a fmall  degree,  on  the  fides  of  the  veffels  in 
which  it  is  confined  by  water,  feems  to  fliew  it  very  clearly. 
The  colour  of  this  fediment  is  not  different  according  to  the 
different  metals  that  have  been  employed  for  the  production 
of  the  nitrous  air ; and  its  quantity  is  too  fmall  to  render  the 
examination  of  its  nature  eafily  practicable ; neverthelefs  Mr, 
Fontana  has  performed  fome  experiments  with  this  view. 
He  extracted  the  nitrous  air  from  iron,  then  agitated  it  in 
the  tincture  of  gall-nuts,  and  the  flight  alteration  of  the  co- 
5 lour 


720  Of  the. Nature  and  Properties  of  Air^ 

lour  of  the  folution  feemed  to  indicate  the  prefence  of  martial 
earth  in  the  nitrous  air.  This  alteration  of  colour  was  not 
perceived  except  the  veliel,  &c.  was  agitated,  viz.  except  the 
nitrous  air  v/as  partly  decompofed  ; which  fliews,  that  the 
martial  earth  is  in  a ftate  of  combination  with  the  other 
pomponents  of  nitrous  air.  He  alfo  attempted  to  afcertvain 
the  prefence  of  the  martial  earth  in  nitrous  air,  by  the 
precipitation  of  PrufTian  blue  ; but  the  refult  of  his  ex- 
periment doth  not  feem  to  remove  every  doubt  about  it. — See 
Air.  Fontana’s  Recherches  Phyfiques  fur  t Air  nitreux. 

Flitherto  it  has  not  been  difcovered,  that  ^vater  enters  into 
the  compofition  of  nitrous  air  ; though  it  feems  not  impro- 
bable, that  a very  fmaii  quantity  of  it  might  be  contained 
in  that  gas. 

Dr.  Priestley  endeavoured  to  afcertain  the  quantity  of 
nitrous  acid,  that  entered  into  the  compofition  of  nitrous  air, 
in  the  following  manner  ; he  decompofed  a great  and  known 
quantity  of  nitrous  air,  by  mixing  it  with  refpirable  air  ; and 
the  acid  vapour,  which  was  difengagcd  in  this  decompofition, 
.was  abforbed  by  a fufficient  quantity  of  water.  He  then  cf^ 
timated  the  flrength  of  this  acid,  viz.  of  this  impregnated 
water,  by  obferving  the  quantity  of  nitrous  air  that  it  w'ould 
extrad  from  copper,  and  comparing  it  with  the  quantity  of 
nitrous  air  that  could  be  produced  by  an  equal  quantity  of 
flrong  nitrous  acid  made  in  the  common  way.  In  one  of  his 
experiments  the  Dodlor  found,  that  the  quantity  of  nitrous 
^air  produced/by  the  former,  was  to  that  produced  by  the 
_ [ 10  latter. 
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latter  as  5 to  48.  The  impregnated  water  ufed  in  this  ex- 
periment was  part  of  the  4 4-  ounce  meafures  of  water,  which 
had  imbibed  the  acid  of  300  ounce  meafures  of  nitrous  air*. 

‘‘  In  order  to  compare  the  quantity  of  nitrous  acid  con- 
“ tained  in  a given  quantity  of  nitrous  air,  with  the  quantity 
“ of  acid  contained  in  an  equal  bulk  of  red  nitrous  vapour, 
procured  by  the  folution  of  bifmuth,  I faturated  a quan- 
“ tity  of  water,  in  the  method  defcribed  above,  with  as  much 
“ of  the  acid  as  was  contained  in  a pint  phial  of  nitrous  air  ; 
“ and  having  filled  the  fame  phial  with  the  red  vapour,  I put 
into  it  the  fame  quantity  of  water,  to  imbibe  the  vapour; 
and  then,  pouring  all  the  water  impregnated  with  nitrous 
‘‘  acid  from  the  nitrous  air,  and  afterwards,  that  which  was 
“ impregnated  by  the  nitrous  vapour,  upon  equal  quantities 
“ of  water,  in  a phial  fitted  with  a ground  flopple,  I colleded 
“ the  nitrous  air  that  they  yielded,  and  found  them  to  be 
•“  exadly  the  fame  ; and  this  was  one  feventh  of  the  quantity 
‘‘  of  nitrous  air  from  which  the  acid  had  been  extraded";  fo 
that,  provided  there  was  no  lofs  of  the  acid  in  the  procefs 

* The  apparatus  for  this  experiment  confifts  of  a pretty  large  phial,  to  whicli 
a cork  is  to  be  fitted,  through  which  a hole  is  perforated,  fo  as  to  admit  the  noz- 
zle of  a fmall  funnel,  when  it  is  thruft  in  pretty  hard.  Then  this  cork  is  faften- 
ed  to  the  neck  of  a bladder,  capable  to  contain  about  five  times  as  much  air  as 
the  phial.  The  nitrous  air  is  firft  put  into  the  bladder  by  means  of  the  funnel, 
then  removing  the  funnel  from  it,  the  cork  is  put  into  the  glafs  phial,  which,  bc- 
fides  the  common  air,  contains  the  required  quantity  of  water ; this  done,  the 
'bladder  muft  be  Squeezed  gradually,  fo  as  to  let  the  nitrous  air  enter  the  bottle 
and  mix  with  the  common  air,  &c.  In  this  operation,  care  fhould  be  had  to  keep 
the  bladder  in  fuch  a fuuation,  as  that  any  water  contained  in  it  might  not  fall 
into  the  phial. 

4 z 
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“ (and  I am  pretty  well  perfuadcd  that  the  lofs  eould  not 
have  been  at  all  conliderable)  it  may  be  inferred  from  this 
‘‘  experiment,  that  the  nitrous  acid,  which  is  detained  in  the 
fait  made  by  the  foliuion  of  copper,  is  fix  times  as  much 
“ as  enters  into  the  compofition  of  the  nitrous  air  procured 
“ by  that  folution^f* 

Dr.  Priestley  did  alfo  endeavour  to  afcertain,  whether 
nitrous  or  inflammable  air  contained  more  phlogifton.  He 
mixed  a known  quantity  of  common  air  with  a known  quan- 
tity of  inflammable  air,  and  fired  the  mixture  in  a clofe  vef- 
fel,  then  examined  how  far  the  remaining  elaftic  fluid  was 
phlogifticated,  by  the  tafte  of  nitrous  air.  Again,  he  mixed 
two  known  quantities  of  nitrous  and  common  air,  and  ex- 
amined alfo,  by  other  nitrous  air,  how  far  this  mixture  was 
phlogifticated  ; which,  compared  with  the  former  obfervation, 
and  after  a few  experiments  with  different  proportions  of  elaf- 
tic fluids,  determined  what  quantity  of  nitrous  air  was  fuf- 
ficient'to  phlogifticate  common  air^  as  much  as  the  burning  of 
a given  quantity  of  inflammable  air.  The  Dodlor  finds,  that 
the  quantity  of  phlogifton  contained  in  a quantity  of  nitrous 
air,  is  about  equal  to  the  quantity  contained  by  an  equal  bulk 
of  inflammable  air.  “ I therefore,*’  fays  he^  “ mixed  one 
meafure  of  inflammable  with  three  meafures  of  common 
air,  and  after  the  explofion  found  it  to  be  fo  far  phlogif- 
ticated,  that  one  meafure  of  this  and  one  of  nitrous  air 
occupied  the  fpace  of  i.8  meafures ; and  this  I alfo  found, 
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“ by  the  fame  tafte,  to  be  exacflly  the  ftate  to  which  a mix- 
“ ture  of  one  meafure  of  the  fame  nitrous  air  brought  three 
‘‘  meafures  of  the  fame  common  air 

* Exper.  and  Obfer.  vol.  iv.  § 34. 


CHAP.  VI. 


Of  Marine  acid  Air* 


Hitherto  we  have  treated  of  fuch  elaftic  fluids  as 
could  be  confined  by  water,  and  the  principal  proper- 
ties of  which  could  be  examined  without  the  neceflity  of 
ufing  a tub  of  quickfilver  ; but  we  are  now  going  to  ex- 
amine another  genus  of  fluids  permanently  elaftic,  which, 
different  from  the  former,  are  inftantly  and  in  vaft  quantity 
abforbed  by  water,  and  alfo  by  various  other  fluids.  Quick- 
filver is  the  only  fluid  hitherto  difcovered,  which  can  befl: 
ferve  for  the  examination  of  thofe  gafes  j and  the  operator 
muff  now  make  ufe  of  a tub  of  mercury,  in  the  fame  manner 
as  he  made  ufe  before  of  a tub  of  water,  for  the  examination 
of  the  permanently  elaftic  fluids  mentioned  in  the  preceding 
ch  apters. 

The  permanently  elaftic  fluids  of  which  we  are  now  going 
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to  treat,  may  be  reduced  to  two  fpecies,  viz.  acid  elaftfc 
fluids,  which  are  formed  by  various  acids  exhibited  in  the 
form  of  air  ; and  an  alkaline  air.  They  have  fome  common 
properties,  which  we  fhall  mention  once  for  all  in  this  place, 
and  fhall  only  take  notice  of  fome  peculiarities  of  the  fame 
in  the  future  chapters : — i.  They  are  all  quickly  and  in  great 
quantity  abforbed  by  water.  2.  They  are  highly  noxious  to 
animal  and  vegetable  life.  3.  They  are  incapable  to  afTifl: 
combuftion ; and,  4.  They  have  flrong,  penetrating,  of- 
fenfive,  and  peculiar  fmells. 

As  for  the  difcovery  of  thofe  elaflic  fluids,  and  the  invef- 
tigation  of  their  properties,  we  are  entirely  indebted  to  Dr,. 
Priestley  for  them.  Before  him,  a flight  fufpicion  was  enter- 
tained by  fome  philofophers  of  the  production  of  fome  of  thole 
gafes;  feveral  circumftances  obferved  in  fome  chemical  procefles 
feeming  to  indicate  fuch  production  ; but  they  were  fo  far 
- from  being  diftinCtly  underflood,  that  they  were  generally 
taken  for  vapours  condenfable  by  cold,  and  therefore  incapa- 
ble of  being  examined  in  the  elaflic  flate,  like  fixed  air,  in- 
flammable air  &c. 

The 

* That  a good  deal  of  acid,  and  the  pureft  part  of  it,  efcaped  in  the  form  of  a 
vapour  from  the  diftillation  of  fpirit  of  fait  made  in  the  ufual  manner,  was 
known  to  the  Chemifts;  and  Mr.  Woulfe  invented  an  apparatus,  the  defcription 
of  which  is  inferred  in  the  57th  volume  of  the  Philofophical  Tranfadions,  by 
means  of  which  the  faid  vapour  (hould  be  incorporated  with  water.  But  Mr. 
Cavendish,  in  a procefs  in  which  he  wanted  to  extract  inflammable  air  from 

copper. 
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The  marine  acid,  when  heated,  produces  an  elaftic  fluid, » 
which  is  not  condenfable  by  the  ufual  cold  of  the  atmofphere, 
or  indeed  by  any  cold  to  which  it  has  been  hitherto  expofed ; 
and  is  tranfparent  like  common  air.  As  this  elaftic  fluid 
conflfts  of  the  pureft  part  of  the  acid,  perhaps  joined  to 
a fmall  quantity  of  phlogifton,  it  has  been  called  marine  acid 
air.  The  marine  acid,  after  having  yielded  all  the  gas  that 
can  be  obtained  from  it  by  heat,  will  be  found  to  have  loft  its 
ftrength,  fo  that  it  can  barely  corrode  iron.  The  eafleft  as  well- 
as  the  cheapeft  method  of  obtaining  this  gas,  is  by  filling  a phial 
(one  of  thofe  furnifhed  with  a glafs  tube  and  ftopple)  with- 
common  fait,  and  then  pouring  a fmall  quantity  of  ftrong 
oil  of  vitriol  upon  it  ; which,  by  the  alliftance  of  a little  heat, 
will  difen  gage  the  acid  principlcj  or  the  marine  acid  air,  from 
the  fait.  In  fa6t,  this  is  the  fame  procefs  by  which  marine  acid 
is  extradled. — “ A phial,”  fays  Dr.  Priestley,  “ once  pre- 
“ pared  in  this  manner,,  will  fuffice  for  common  experiments 
“ many  weeks  ; efpecially  if  a little  more  oil  of  vitriol  be 

occafionally  put  to  it.  It  only  requires  a little  more  heat 
“ at  the  laft  than  at  the  firft.  Indeed,  at  the  firft,  the  heat 
“ of  a perfon’s  hand  will  often  be  fufficient  to  make  it  throw 


copper,  by  means  of  marine  acid,  found  that- no  inflammable  air  was  generated; 
yet  he  was  perfuaded,  from  feveral  circumflances  which  attended  the  operation, 
that  during  the  procefs  fome  elaflic  fluid  had  been  generated,  and  had  been  im- 
mediately condenfed  by  the  contact  of  water.-^See  the  Philofophical  Tranfadions, 
vol.  Ivi.  p.  157. 
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“ out  the  vapour.  In  warm  weather,  it  will  even  keep 
“ fmoking  many  days  without  the  application  of  any  other 
“ heat. 

“ On  this  account,  it  fhould  be  placed  where  there  are  no 
“ inftruments,  or  any  thing  of  metal,  that  can  be  corroded 
by  this  acid  vapour.  It  is  from  dear-bought  experience 
“ that  I give  this  advice.  It  may  eafily  be  perceived  when 
“ this  phial  is  throwing  out  this  acid  vapour,  as  it  always  ap- 
“ pears,  in  the  open  air,  in  the  light  form  of  a cloud  ; owing, 
“ I fuppofe,  to  the- acid  attrading  to  itfelf,  and  uniting  with, 
the  moifture  that  is  in  the  common  atmofphere 
This  elaftic  fluid  is  conflderably  heavier  than  common  air: 
according  to  Mr.  Fontana,  the  fpecific  gravity  of  it  being 
to  that  of  common  air  as  five  to  three  nearly,  and  a 'cubic 
inch  of  it  weighing  0,654  grs.  when  the  barometer  is  at  a 
mean  height,  and  the  thermometer  about  temperate. 

‘‘  Flies  and  fpiders,”  fays  Dr.  Priestley,  “ die  in  acid 
air,  but  not  fo  quickly  as  in  nitrous  air.  This  furprized 
me  very  much  ; as  I had  imagined  that  nothing  could  be 
. more  fpeedily  fatal  to  animal  life  than  this  pure  acid  va- 
pour  -f.” 

When  a lighted  candle  is  admitted  into  a jar  of  this  gas, 
its  flame  is  extinguiflied  ; but  the  moment  before  its  going 

* Exper.  and  Obfer.  vol.  i.  p.  229. 
f Ibid.  p.  240. 
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out,  and  alfo  when  it  is  afterwards  firfi:  lighted  again,  it 
burns  with  a green  or  light-blue  flame,  like  the  flame  feen 
when  common  fait  is  thrown  into  a fire. 

The  diminution  of  marine  acid  air,  occafioned  by  eledric 
fparks,  is  lb  Imall  as  to  be  juft  perceivable. 

Water  abfoibs  a great  many  times  its  own  bulk  of  marine 
acid  air,  till  it  becomes  quite  faturated  with  it.  Dr.  Priest- 
ley found,  that  2 t grs.  of  rain-water  abforbed  about  three 
ounce  meafures  of  this  gas.  By  this  impregnation,  the  water 
becomes  exceedingly  acid  ; and  indeed  this  impregnated  water 
is  a ftronger  marine  acid  than  that  obtained  in  the  ufual 
way.  It  diflblves  metals  much  fafter,  and  is  in  every  refpedt 
much  fuperior  to  the  common  fpirit  of  fait.  By  the  impreg- 
nation of  marine  acid  air,  the  bulk  of  water  is  increafed 
one  third,  and  its  weight  is  doubled;  from  which  Dr.  Priest- 
ley deduces,  that  two  thirds  of  the  beft  fpirit  of  fait  is  no- 
thing more  than  mere  phlegm  or  water 

The  water  remains  tranfparent  and  colourlefs,  even  when 
quite  faturated  with  marine  acid  air  ; and,  by  a very  gentle 
degree  of  heat,  the  gas  may  be  again  expelled  from  it,  as  it  is 
expelled  from  common  fpirit  of  fait.  - 

Ice,  when  expofed  to  marine  acid  air,  is  difTolved  by  it  as 
faft  as  if  it  touched  a red-hot  iron.  The  gas  is  then  imbibed 
by  the  water  of  the  melted  ice. 

When  marine  acid  air  and  alkaline  air  are  mixed  together, 

* Experiments  and  Obfer.  vol.  i.  p.  148. 
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they  inftantly  combine  with  each  other,  lofe  their  elaflicity, 
and  form  a white  vifible  fubftance,  viz.  a neutral  fait ; but 
of  this  remarkable  phenomenon  proper  notice  will  be  taken 
in  the  chapter  on  alkaline  air 

Almofl;  every  fubftance  which  contains  phlogifton,  when 
expofed  to  marine  acid  air,  occalions  a diminution  of  the 
fame,  imbibing  fome  of  it;  and  at  the  fame  time  the  gas  at- 
trading  the  phlogifton  from  them,  by  which  union  its  re- 
maining part  becomes  inflammable  air,  which  takes  fire  by 
the  contad  of  flame,  and  is  not  abforbable  by  water. — 'The 
following  are  the  mofl;  remarkable  particulars  relating  to  this 
point,  which  were  obferved  by  Dr.  Priestley.  Spirit  of 
wine  abforbs  marine  acid  air  as  readily  as  water  does.  By 
this  impregnation  the  fpirit  does  not  lofe  its  inflammability; 
its  bulk  is  thereby  increafed,  and  it  diflblves  iron  with  ra- 
pidity. 

Oil  of  olives  abforbs  marine  acid  air  very  flowly,  and  oil  of 
turpentine  abforbs  it  very  faft.  By  this  impregnation  they 
are  turned  almofl;  black.  When  thofe  oils  cannot  abforb  any 
more  marine  acid  air,  the  remaining  quantity  of  it  becomes 
weakly  inflammable,  but  after  having  been  fome  time  in 
contad  with  the  oil  ; which  feems  to  fhow  that  this  gas  re- 
quires a conflderable  time  before  it  can  extrad  a fufflcient 
quantity  of  phlogifton  from  thofe  oils. 

* No  particular  appearance  is  (hewn  by  the  mixture  of  this  gas  with  any  of  the 
other  permanently  elaftic  fluids. 
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Eflential  oil  of  mint  abforbs  marine  acid  air  pretty  fad,  and 
becomes  thereby  of  a brown  colour,  confident,  and  fo  heavy, 
as  to  fink  in  water.  Its  fmell  is  m great  meafure  altered. 

Oil  of  turpentine  becomes  alfo  thick  and  brown  by  the 
like  impregnation. 

Ether  abforbs  marine  acid  air  very  fad,  and  by  that  im- 
pregnation its  colour  is  altered,  becoming  fird  turbid,  then 
yellow,  and  ladly  brown.  The  permanent  eladic  fluid  found 
over  the  ether  in  the  veflel  is  drongly  inflammable. 

Vitriolic  and  alfo  nitrous  acid  being  admitted  to  marine  , 
acid  air,  produced  no  fenflble  effed. 

“ Iron-filings,  being  admitted  to  this  air,  were  diflblved 
“ by  it  pretty  fad,  half  of  the  air  difappearing,  and  the  other 
“ half  becoming  inflammable  air,  not  abforbed  by  water. 

“ Putting  chalk  to  it,  fixed  air  was  produced 

“The  rud  of  iron,  and  the  precipitate  of  nitrous  air  made 
“ from  copper,  alfo  imbibed  this  air  very  fad,  and  the  lit- 
“ tie  that  remained  of  it  was  inflammable  air  ; which  proves, 

“ that  thefe  calxes  contain  phlogidon.  It  feems  alfo  to  be 
“ pretty  evident,  from  this  experiment,  that  the  precipitate 
“ above-mentioned  is  a real  calx  of  the  metal,  by  the  folution 
“ of  which  the  nitrous  air  is  generated  “f*.” 

Blue  vitriol  acquired  a fuperficial  dark  colour  the  moment 
it  was  admitted  to  marine  acid  air,  which  it  abforbed  very 
llowly.  Green  copperas  abforbed  this  gas  very  flowly,  and 

* Exper  and  Obfer.  vol.  i.  p.  149. 
t Ibid.  p.  150. 
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became  of  a deep  green  colour.  M'hite  copperas  abforbecT  It 
very  faft,  and  was  difTolved  in  it. 

- Both  the  Bowers  of  zinc  and  red-lead  were  found  to  ab- 
forb  a very  great  quantity  of  marine  acid  air.  “ I therefore- 
conclude,”  fays  Dr.  Priestley,  ‘‘  that  whether  the  ma- 
rine  acid  be  combined  with  water,  or  not,  it  has  the  fame 
“ affinity  with  thefe  earthy  fubftances 

Neither  fal  ammoniac  nor  common  fait  were  affeded  by 
marine  acid  air. 

Nitre,  being  expofed  to  a quantity  of  this  acid  air,  was 
prefently  furrounded  by  a white  fume,  which  foon  filled  the 
whole  vefiel.,  Almofl:  the  whole  quantity  of  gas  was  ab- 
forbcd  in  about  a minute^s  time. 

Alum  abforbed  marine  acid  air  almofl  as  fafl  as  nitre,  and 
was  thereby  reduced  into  a powder. 

Camphor  was  foon  reduced  into  a fluid  Bate,  by  imbibing 
marine  acid  air. 

When  water  was  admitted  to  It,  the  camphor  refumed  its- 
folid  Bate ; its  taBe  was  acid  ; and  a very  fmall  part  of  the 
gas  was  permanent  and  flightly  inflammable. 

Borax  abforbs  marine  acid  air  as  faB  as  blue  vitriol,  and' 
becomes  thereby  whitifh. 

“ White  fugar  abforbed  this  gas  very  flowly,  was  thoro'agh- 
“ ly  penetrated  with  it,- became  of  a deep  brown  colour,  and 
acquired  a fmcll  that  was  peculiarly  pungent.” 
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* Vol.  iv.  p.  4.59. 
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Quick-lime,  being  expofed  to  a quantity  of  this  gas,  left  a 
very  fmall  quantity  of  it  unabforbed,  which  was  inflammable. 

A piece  of  Derbyfhire  fl)ar^  of  a dark  colour,  was  not 
Icnhbly  afFe(3:ed  by  marme  acid  air. 

Some  pieces  of  lulphur  abforbed  about  one  fifth  of  a 
quantity  of  marine  acid  air  to  which  it  was  expofed.  A 
fmall  part  of  the  reft  was  abforbed  by  water,  and  the  re- 
mainder was  inflammable,  burning  with  a blue  £ame. 

Liver  of  fulphur  imbibed  the  half  of  a quantity  of  marine 
acid  air : “ one  fourth  of  the  remainder,  after'ftanding  one 
“ day  in  quickfilver,  was  imbibed  by  water,  and  what  was  left 
“ extinguifhed  a candle 

About  the  bignefs  of  a hazel-nut  of  bees-wax  being  ex- 
pofed to  three  ounce  meafures  of  marine  acid  air,  abforbed 
about  the  half  of  it  in  two  days,  and  upon  the  ad  million  of 
water  half  of  the  remainder  was  abforbed,  leaving  the  reH  in- 
flammable. 

Both  charcoal  and  pit- coal  abforb  this  gas  very  fafl:,  and 
leave  the  remainder  inflammable. 

A fmall  bit  of  phofphorus  fmoked  and  gave  light  in  this 
iicid  air.  In  about  twelve  hours  the  elaftic  fluid  was  little 
diminilhed.  Water  being  admitted,  about  four  fifths  of  the 
gas  were  abforbed,  and  the  reft  was  inflammable.  Some  fub- 
fiances  were  found  not  to  alter  the  marine  acid  air  very  foon, 

* Exper.  and  Obfer.  vol.  i.  p.  235. — In  another  experiment,  the  gas  fufFered  a 
-greater  diminution,  and  the  liver  of  fulphur,  after  continuing  two  days  in  the  gas, 
began  to  diflblve,  and  at  laft  became  one  liquid  mafs.  Vol.  ii.  p.  233. 

5 A 2 


but 


732 


■ Of  the  Nature  and  Properties  of  Air^ 

but  to  require  a confiderable  time ; for  inftance,  about  two 
days.  Such  is  dry  wood,  crufts  of  bread  not  burned,  dry 
flelb,  roafted  pieces  of  beef,  ivory,  and  even  flints.  Thefe 
fubftances  abforb  a greater  or  lefs  quantity  of  marine  acid 
air,  when  they  are  expofed  to  it,  and  leave  the  remainder 
more  or  lefs  inflammable. 


CHAP.  vir. 

Of  the  vitriolic  acid  Air^  and  of  the  Sparry  or 
Fluor  Acid  Air^ 

TH  E vitriolic  acid  may  alfo  be  exhibited  in  the  form 
of  amelaftic  fluid,  tranfparent  like  common  air,  and 
not  condenfable  by  the  ufual  cold  of  the  atmofphere,  or  by 
any  degree  of  cold  to  which  it  has  been  hitherto  applied  ; 
but  whereas  the  marine  acid  air  may  be  produced  by  heating 
the  marine  acid  alone,  the  vitriolic  acid  air  cannot  be  ob- 
tained, except  the  vitriolic  acid  be  heated  together  with  fome 
fubftance  that  contains  phlogifton,  as  oil,  fpirit  of  wine, 
ether,  charcoal,  metals,  &c. 

Amongft  the  fubftances  hitherto  tried,  gold  and  platina 
have  been  found  to  yield  no  elaftic  fluid  at  all  when  heated 
in  vitriolic  acid.  The  other  metallic  fubftances  yield  more 
or  lefs  of  it ; and  the  following  are  the  more  remarkable  par- 
ticulars. 
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ticulars  relating  to  the  produftion  of  vitriolic  acid  air,  which, 
were  obferved  by  or.  Priestley, 

The  oil  of  vitriol,  for  this  purpofe,  muft  be  very  concen- 
trated, efpecially  when  metals  are  iifed  ; fome  of  which,  we 
have  already  obferved,  if  difTolved  in  diluted  vitriolic  acid, 
produce  another  fpecies  of  elaftic  fluid,  namely,  injiatmnahle 
air.  The  heat  to  be  applied  to  the  phial  that  contains  the 
ingredients  for  the  produdion  of  vitriolic  acid  air,  mud:  be 
regulated  according  to  the  fubftance  mixed  with  the  acid,, 
the  rapidity  of  the  effervefcence  fhewing  when  the  heat  is 
too  much  ; but  this  degree  of  heat  at  mod:  needs  not  be 
greater  than  that  given  by  the  flame  of  a ufual  candle.  Be- 
fore any  eladic  duid  is  produced,  the  vitriolic  acid,-  with, 
which  the  other  fubdance  is  mixed,  becomes  very  black,  as, 
phlogidicated  oil  of  vitriol  is  wont  to  do ; and  fays  Dr. 
Priestley,  “ a quantity  of  this  acid,  thus  impregnated  with 
phlogidon,  will  yield  many  times  more  air  than  an  equal 
‘‘  quantity  of  the  dronged  fpirit  of  fait. 

“ When  the  vitriolic  acid  air  is  produced  in  great  plenty,, 
“ the  top  of  the  phial  in  which  it  is  generated  is  generally 
“ filled  with  white  vapours.  This  air  has  alio  the  fame  ap-.. 
“ pearance,  as  it  is  tranfiuitted  through  the  glafs  tube  • and 
“ it  is  fometimes  difcoverable  in  the  recipient 

When  fuch  fubdances  are  put  into  the  oil  of  vitriol,  which 
caufe  a great  efiervefcence  with  that  acid,  efpecially  when, 

* Exper.  and  Obfer.  vol.  ii.  p.  6.. 
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hot,  as  oil,  quickhlver,  &c.  care  fhould  be  had  to  ufe  very 
fmall  quantities  of  thofe  fubftances,  and  alfo  to  apply  the 
heat  by  exceedingly  gentle  degrees  ; otherwife  the  rapid 
production  of  elaftic  fluid,  and  the  heat  attending  it,  may 
break  the  vefTels,  and  caufe  other  damages.  - 

When  charcoal  is  ufed,  (which  fhould  be  well  charred 
for  this  purpofe)  the  production  of  elaftic  fluid  is  more 
equable. 

In  moft  cafes  this  gas  is  produced  together  with  fome 
other  elaftic  fluid,  which  is  moftly  inflammable  air,  and  fome- 
times  fixed  or  phlogifticated  air. 

When  ether  is  ufed,  about  one  half  of  the  firft  produce  is 
inflammable  air ; but  the  quantity  of  this  inflammable  air 
leflens  in  proportion  to  the  acid  air,  the  farther  the  procefs 
is  carried  on. 

Dr.  Priestley  obferved,  that  when  quickfllver  was  ufed, 
the  acid  was  not  turned  black,  as  in  other  experiments  of  the 
like  nature.  He  alfo  obferved,  that  iron  yielded  a little  in- 
flammable air  together  with  the  acid  gas ; but  that  the  elaf- 
tic  fluid  produced,  when  zinc  was  ufed,  contained  about  two 
parts  of  inflammable  and  one  part  of  acid  air.  Copper, 
fllver,  or  lead,  when  put  in  vitriolic  acid  and  heated,  yield 
the  pureft  vitriolic  acid  air,  without  any  mixture  of  inflam- 
mable air  ; but  the  lead  yields  a very  fmall  quantity  of  it, 
and  requires  a very  great  degree  of  heat  f , 


f Exper.  and  Obfer,  vol.  ii.  § i. 
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Mr.  Fontana  found  that  the  fpecific  gravity  of  this  gas  is 
to  that  of  common  air  as  two  to  one  very  nearly  ; and  that  a 
cubic  inch  of  it  weighed  0,778  gr.  the  barometer  being  at  a 
mean  height,  and  the  thermometer  about  temperate. 

Water  imbibes  this  acid  air  about  as  readily  as  it  does  ma- 
rine acid  air.  “ But y'  fays  Dr.  Priestley,  “ water  impreg- 
“ nated  with  vitriolic  acid  air  differs  mofl:  remarkably  from 
“ oil  of  vitriol.  Its  acidity  is  now  become  trifling  to  what 
“ it  was  ; and,  from  being  the  moff  fixed  and  the  firongefh, 
‘‘  it  is  now  become  the  weakeft  and  the  moff  volatile  of  all 
acids,  the  fmell  of  it  being  intolerably  pungent,  and  almoff: 
the  whole  of  it  evaporating  when  it  is  expofed  to  the  open 
“ air. 

“ This  great  difference  feems,  however,  to  be  wholly  oc- 
“ cafioned  by  the  phlogiffon  fuperadded  to  the  vitriolic 
acid.  1 his  principle,  united  to  the  acid,  in  a manner 
“ neutralizes  it,  forming  a kind  of  fulphur,  in  which  the 
**  acidity  is  in  great  meafure  loft 

Water  ftrongly  impregnated  with  vitriolic  acid  air,  being 
poufcd  upon  filings  of  zinc,  and  heated,  produced  a con- 
fiderable  quantity  of  firong  inflammable  air. 

Water  will  imbibe  a much  greater  quantity  of  marine  acid 
air  than  of  vitriolic  acid  air ; yet  water  faturated  with  the 
latter  will  not  imbibe  any  of  the  former  ; though  water  fully 

* Exper.  and  Obfer.  voL  iii.  p.  272. 
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faturated  with  marine  acid  air,  will  imbibe  a little  more  of 
vitriolic  acid  air  f . 

Water  impregnated  with  vitriolic  acid  air,  whether  it  be 
expofed  to  the  open  air  or  not,  freezes  with  a degree  of  cold 
little  greater  than  that  required  for  the  freezing  of  common 
water.  Its  ice  ftill  retains  the  pungent  fmell ; and,  what  is 
very  remarkable,  the  gas  does  not  efcape  from  the  water 
whilfl  freezing,  or  afterwards,  any  fooner  than  from  the  im- 
pregnated water  that  continues  fluid 

Dr.  Priestley  having  put  fome  diftilled  water,  impreg- 
nated with  vitriolic  acid  air,  into  a glals  tube  about  two  feet 
long,  and  about  an  inch  in  diameter,  fo  as  to  fill  a fmall  part 
of  it,  expofed  it  to  a continued  heat  in  a furnace ; and  the 
appearances  obferved  were  as  follows : “ After  continuing 

“ about  twenty  days  in  that  fltuation,  the  impregnated  water, 
which  continued  tranfparent  to  the  end  of  the  procefs, 
“ depoflted  a fmall  quantity  of  black  powder ; and  alfo  a 
bit  of  matter  exadtly  like  fulphur,  about  t of  an  inch  in 
“ diameter,  lay  among  it.'  Small  pieces  of  the  fame  matter 
floated  on  the  furface  of  the  liquor,  and  ftreaks  o^  the 
fame  coated  part  of  the  inflde  of  the  tube,  an  inch  above 
“ the  liquor. 

‘‘  From  the  top  of  the  tube,  to  within  about  eight  inches 
above  the  liquor,  were  beautiful  white  cryftallizations, 

t Ex  per.  and  Obfer.  vol.  iii.  p.'  276. 

* Ibid,  p,  362. 
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“ like  fpiculcey  difpofed  irregularly,  but  generally  in  the  form 
“ of  flars,  the  glafs  being  perfectly  tranfpareiit  between 
**  them.” 

Thefe  cryftallizatlons  kept  continually  increafing,  and  often 
changing  their  places,  till  about  four  months  after,  when  the 
procefs  was  interrupted. 

This  experiment,  with  fome  variations,  was  repeated  feve- 
ral  times,  the  fefults  being  upon  the  whole  alike.  When 
thefe  tubes  were  broke  open  under  water,  the  water  entered 
into  them,  filling  about  half  their  cavity,  and  the  air  in  them 
was  found  quite  phlogifticated  ; “ which,”  the  Dr\  ^ 

agrees  with  my  former  obfervations  of  the  vitriolic  acid  air 
“ imparting  phlogifton  to  common  air.” 

The  liquor  itfelf  retained  its  acidity  and'  pungent  fmell, 
which  (hews  that  fome  vitriolic  acid  air  muft  ftill  remain  in 
the  water.  The  crylfals  were  not  diflblved  by  this  liquor  ; 
they  were  undiffolved  by  marine  acid  ; and,  by  their  colour, 
fmell,  and  flame,  when  burned,  appeared  to  be  true  fiilphur. 
In  confequence  of  this  remarkable  difcovery,  the  Dr.  expofed 
fpirit  of  wine  impregnated  with  vitriolic  acid  air,  oil  of  tur^ 
pentine  alike  impregnated,  whale-oil  alfo  impregnated  with 
this  gas,  and  alfo  vitriolic  acid  air  by  itfelf,  to  a continued 
heat,  in  glafs  tubes  hermetically  fealed  ; and  after  fome  time 
they  all  (hewed  fome  incruftations  or  cry  flail  izations, 
though  in  a lefs  degree  than  the  tubes  with  the  impregnated 
water.  Vitriolic  ether  abforbs  vitriolic  acid  air  about  as 
readily  as  water,  but  is  foon  faturated.  Its  tranfparency  or 
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inflammability  is  not  apparently  altered  by  this  impregna- 
tion. Liver  of  fulphur  and  charcoal  do  alfo  abforb  this  air, 
though  the  fulphur  not  very  readily. 

Their  appearances  are  not  thereby  fenflbly  changed. 

Vitriolic  acid  air  is  not  apparently  affecfled  by  phofphorus; 
but  the  phofphorus  gives  no  light  in  this  gas  ; its  furface  is 
turned  black ; and  the  furface  of  the  quickfllver,  that  con- 
fines the  jar,  &c.  is  covered  with  a deep  yellow  or  blackifh 
kind  of  fcum. 

‘‘  Vitriolic  acid  air  diflTolved  camphor  pretty  readily,  and 
“ reduced  it  to  a tranfparent  liquor.  Water  being  admitted 
“ to  it,  the  camphor  reaflTumed  its  natural  folid  form,  but 
“ feemed  to  have  acquired  an  acidity  in  its  tafte  •f.” 

Borax  abforbs  a pretty  confiderable  quantity  of  vitriolic 
acid  air,  though  not  very  read  y \ and  by  that  impregnation 
becomes  white  and  opaque. 

Oils  imbibe  this  gas  pretty  readily.  Whale-oil  and  olive- 
oil  w’ere  found  to  abforb  about  fix  or  eight  times  their  bulk 
of  it.  The  colour  of  the  former  became  reddilh,  and  the 
latter  oil  was  rendered  very  little  darker. 

Nitre^  comtnon  falt^fal  ammoniac^  and  iron^  being  admitted 
to  vitriolic  acid  air,  did  not  fenfibly  affe<fl:  it,  nor  were  they 
afie<fl;ed  by  the  gas. 

Common  air  is  confiderably  phlogifticated  by  remaining 
fometimes  mixed  with  vitriolic  acid  air  \ but  no  fenfible 


t Exper.  and  Obfer.  vol.  ii.  p.  13. 
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diminution  is  observable  to  take  place  in  this  mixture.  Vi- 
triolic acid  air  forms  a white  cloud  when  mixed  with  alka- 
line air,  as  we  ihall  particularly  examine  hereafter;  but  when 
mixed  with  any  other  permanently  elaftic  fluid,  it  exhibits 
no  remarkable  appearances. 

Dr.  Priestley  obferved  alfo  the  efi?e<51;s of  eledric  exploflons 
in  vitriolic  acid  air.  He  made  the  exploflons  of  a fmall  jar  re- 
peatedly into  a fmall  quantity  of  this  gas  contained  in  a glafs 
tube;  when,”  fays  hcy  “ prefently  the  inflde  of  the  glafs, 
“ through  which  the  exploflon  paflfed,  was  uniformly  covered 
“ with  a blackifh  matter,  fo  that  nothing  could  be  feen 
“ through  it,  and  the  air  feemed  to  be  rather  incrcafed  than 
“ diminiflied.  Water  being  admitted  to  it,  left  fo  little  un- 
“ abforbed,  that  it  could  not  be  examined.  Part  of  the 
“ blackifh  matter  was  waflied  off  by  the  water  -f*. 

“ I faw  reafon>  however,  to  conclude,  that  the  whole  of 
“ the  vitriolic  acid  air  is  convertible  into  this  black  matter, 
“ but  not  by  means  of  any  union  which  it  forms  with  the 
“ ele(flric  fluid  ; but,  as  it  fhould  feem,  in  conlequence  of 
“ the  concujfion  given  to  it  by  the  exploflon  ; and  that,  if 
“ it  be  the  calx  of  the  metal  which  fupplied  the  phlogifton, 
‘‘  it  is  not  to  be  diftinguifhed  from  what  metal,  or  indeed 

t Exper.  and  Obfer.  vol.  ii.  p.  239.—- The  cleftric  fparks,  inftead  of  the  ex- 
plofions,  had  no  cfic^. 
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“ from  what  fubftance  of  any  other  kind,  the  air  had  been 
“ extrafted 

I fhall  now  defcribe  the  origin,  nature,  and  properties,  of 
another  permanently  elaftic  fluid,  namely,  the  fparry  or 
fiuor  acid  air.  The  reafon  of  inferting  it  in  the  fame  chapter 
with  the  vitriolic  acid  air  is,  becaufe  Dr.  Priestley’s  con- 
cluflve  experiments  feem  to  have  clearly  fhewn  it  to  be  in 
reality  the  very  fame  thing  with  vitriolic  acid  air ; into  which 
it  may  be  eaflly  changed,  by  depriving  it  of  an  earthy  part,, 
which,  when  the  gas  is  abforbed  by  water,  forms  a fl:ony 
cruft  upon  the  water,  and  the  prefence  of  which  earth  cha- 
racterizes it  for  the  fluor  acid  air. 

This  acid  gas  is  extracted  from  thofe  minerals  known  by 
the  naturalifts  under  the  name  of fluor Sy  or  commonly  Derby^ 
fljire  fpar  ; of  which  vafes,  pyramids,  and  other  ornaments,, 
are  ufually  made  for  chimnies*.  The  eafteft  method  is  tO) 

j:  Exper.  and  Obfer.  vol.  iii.  p.  279. 

* It  is  but  lately  that  chemifts  have  extrafted  an  acid  from  this  fpar,  by 
means  of  oil  of  vitriol,  in  the  fame  manner  as  marine  acid  is  extradled  from 
common  fait.  This  acid,  which  was  difcovered  by  Mr.  Scheele,  has  been  con- 
fidered  as  of  a peculiar  fort,  different  from  the  other  acids,  and  has  been  called 
the  fiuor  mineral  acid\  whofe  affinities  are  ftated  by  Mr.  Bergman  in  the  follow- 
order:  Fluor  mineral  acid,  pure  lime,  pure  ponderous  earth,  pure  magnefia, 
fixed  vegetable  alkali,  fixed  mineral  alkali,  volatile  alkali,  zinc,  manganefe, 
iron,  lead,  tin,  cob  ilt,  copper,  nichel,  arfenic,  bifmuth,.  mercury,  filver,  gold, 
platina,  pure  argillaceous  earth,  and  water. — It  fcems  to  be  proved  by  Dr. 
Priestley’s  experiments,  that  this  acid  is  nothing  more  than  the  fluor  acid  air 
incorporated  with  water,  and  confequently  to  be  originally  the  vitriolic  acid. 

I put 
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put  the  pieces  of  fpar  into  a phial  with  a ground  ftopple  and 
tube,  and  to  pour  fome  oil  of  vitriol  upon  it.  The  gas  will 
then  be  produced  at  firft  without  heat,  and  afterwards  with  a 
very  fmall  degree  of  heat,  and  may  be  confined  by  quickfilver. 
“ The  vapour, Dr»  Priestley,  “ as  it  iflued  out  of 
“ the  tube  into  the  open  air,  formed  a permanent  white 
“ cloud,  no  doubt  by  attaching  to  itfelf  the  water  that  floated 
‘‘  in  the  atmofphere  ; and  the  fmell  of  it  was  extremely 
“ pungent  -t**’’ 

From  the  conflderation  of  the  phofphoric  property  of  the 
fpar.  Dr.  Priestley  was  led  to  try  whether  Mr.  Canton’s 
phofphorus,  which  had  alfo  the  phofphoric  property,  would 
yield  an  elaftic  fluid  flmilar  to  that  yielded  by  the  fpar, 
when  oil  of  vitriol  was  poured  upon  it  ; and  his  fufpicion' 
was  verified  by  the  refill t of  adual  experiment 

It  is  proper  for  perfons,  who  want  to  produce  a good  deal 
of  this  gas,  to  be  made  acquainted  with  the  following  par- 
ticulars ; viz.  that  this*  gas,  when  hot,  corrodes  glafs  : hence,, 
inftead  of  the  common  glafs  phials  with  ground  ftopple  and 
tube,  which  are  often  corroded  through  in  a few  minutes  time, 
it  is  advifeable  to  ufe  common  phials  of  the  ftrongeft  kind,, 
to  wiiich  a bent  tube  may  be  adapted  ; and  thofe  tubes  flaould 

Exper.  and  Ob^er.  vol.  ii.  p.  190. 

* Exper.  and  Obier.  vol.  ii.  p.  212. — But  in  his  third  vol.  p.  287,  Dr. 
Prie'tley  exurefTes  I'oine  doubt  againft  the  identity  of  the  gas  thus  obtained,  and 
the  flu(jr-acid  air  y and  he  thinks  the  flight  cruft  formed  upon  the  water  by 
the  former  to  be,  perhaps,  “ fulphur  formed  in  the  loiution,  and  fublimed  by 
^ the  heat  of  the  procefs>  and  not  proper  fluor  cruft,”  &c. 

have 


742  Of  tie  Nature  and  Properties  of  Airy 

have  a large  bore. — This  gas  is  cafily  produced  by  pouring 
oil  of  vitriol  upon  large  pieces  of  fpar -but  when  it  is  re- 
quired to  produce  it  very  faff,  then  the  fpar  fhould  be 
pounded. 

According  to  Mr.  Fontana,  the  fpecific  gravity  of  this 
gas  is  to  that  of  common  air  as  tiiree  to  one,  and  a cubic 
inch  of  it  weighs  1,24.  grs. 

This  gas  is  abfoibed  by  water,  upon  the  furface  of 
which  a white  cruff  is  formed,  which  hinders  the  farther 
abforb'ion  of  the  gas,  except  the  water  finds  a paflage 
through  fomes  pores  of,  or  bieaks  the  cruft  firft  formed, 
and,  rifing  in  proportion  as  the  gas  is  abforbed,  forms  a 
fecond  cruft,  and  fo  on.  This  experiment  often  (hews 
ftveral  very  beautiful  appearances ; for  the  fluor  cruft  break- 
ing in  different  manners,  and  the  water  ruftiing  through 
the  cracks  in  various  ways,  forms  a variety  of  incruftations  in 
different  fhapes.  This  fluor  cruft,  when  dried,  forms  a 
white  powdery  fubftance,  which  taftes  a little  acid,  but  by 
imfhing  it  in  pure  water  is  rendered  quite  infipid.  Dr; 
Pkie  TLEY,  endeavouring  to  extract  fome  elaftic  fluid  from 
this  fluor  cruft,  by  pouring  oil  of  vitriol  upon  it,  obtained  an 
acid  air,  which  was  imbibed  hy  water,  but  formed  no  incruf- 
tation  upon  the  furface  of  it. 

Part  of  the  water  that  is  expofed  to  fluor  acid  air  enters  into 
the  combination  of  the  fluor  cruft,  the  remainder  becomes 
impregnated  with  the  acid  air,  and  this  impregnation  may  be 
carried  to  a <yreat  degree,  by  lucceflively  expoflng  the  fame 

quantity 
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quantity  of  water  to  more  and  more  fluor  acid  air  “ By  the 
“ repetition, Dr.  Priestley,  “ of  this  procefs,  an  acid 
“ liquor  may  be  procured  of  a very  coniiderable  degree  of 
“ ftrength.  There  feems,  however,  to  be  a limit  to  its 
“ ftrength,  for  the  acid  is  exceedingly  volatile,  as  is  evident 
“ from  its  extremely  pungent  fmell ; fo  that  I have  thought 
“ that  I gained  nothing  by  repeating  the  procefs  more  than 
“ eight  or  ten  times  -f 

This  volatility  feems  to  indicate,  that  the  acid  part  is  con- 
fid  erably  phlogifticated. 

If  to  the  water  thus  impregnated,  a little  degree  of  heat  is 
applied,  an  acid  elaftic  fluid  is  expelled  from  it,  which  ap- 
pears to  be  exactly  like  the  vitriolic  acid  air,  and,  befldes  the 
other  properties  which  it  has  in  common  with  the  vitriolic 
acid  air,  it  is  abforbed  by  water  without  forming  any  fluor 
cruft. 

This  convincing  experiment  juftly  determined  Dr.  Priest- 
ley to  conflder  the  fluor  acid  air  to  be  originally  the  vitri- 
olic acid  air,  into  which  a part  of  the  fluor  earth  is  dilTolved 
and  kept  fufpended.  There  are,  however,  the  following  ob- 
fervations,  which  feem  ftill  to  (hew  fome  objection  to  this 
theory. — Firft,  the  fluor  acid  air  has  fome  properties  dif- 
ferent from  the  vitriolic  acid  air  ; but  which  may  be  attri- 
buted to  the  prefence  of  the  earth  in  it ; flnce,when  it  is.de- 

* Upon  various  experiments  and  confidera'  ions,  it  feems  likely  that  water  im- 
bibes as  much  of  fluor  acid  air  as  k does  of  vitnO'lic  acid  air. 

Exper.  and  Obfer.  vol.  ii.  p.  195. 
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prived  of  the  earthy  part,  it  lofcs  thofe  peculiar  properties. 
Secondly,  Dr.  Priestley  putting  fomc  fpar  into  a quantity 
of  vitriolic  acid  air,  and  throwing  the  focus  of  a lens  upon  it» 
endeavoured  to  convert  the  vitriolic  acid  air  into-  fluor  acid 
air ; but  he  found,  that  the  vitriolic  acid  air  took  up  none 
of  the  fpar  by  this  means.  Laltly,  it  was  obferved  alfo  by 
Dr.  Priestley,  that  water  impregnated  with  fluor  acid  air, 
in  order  to  freeze,  required  a greater  degree  of  cold  than  the 
water  impregnated  with  vitriolic  acid  air  ; but  it  muft  be 
obferved,  that  water  impregnated  with  fluor  acid  air  does  ftill 
contain  fome  fluor  cruft,  which  may  perhaps  prev^ent  its 
freezing  very  fonn  , , 

“ Ice,”  fay^  Dr,  Priestley,  “ was  readily  diftblved  at 
firft  in  fluor  acid  air,  but  afterwards  very  ftowly,  as  might 
“ have  been  concluded  from  the  manner  in  which  this  kind 
of  air  is  imbibed  by  water.  However,  in  time,  the  whole 
“ of  the  air  was  abforbed  by  the  ice,  which  was  diftblved  by 
“ it,  and  continued  upon  the  furface  of  the  quickftlver -f*.” 

Spirit  of  wine  and  ether,  both  the  vitriolic  and  the  nitrous, 
imbibe  the  fluor  acid  air  about  as  readily  as  water ; but 
neither  their  inflammability  nor  tranfparency  is  altered  by 
this  impregnation^ 

* A glafs  tube,  partly  filled  with  water  impregnated  with  fluor  acid  air,  and 
hermetically  fealed,  being  expofed  to  a common  fire,  the  liquor,  after  boiling  for 
about  one  hour,  (hewed  a little  cloudincfs,  but  became  again  tranfparent  after 
boiling  two  or  three  hours. — See  Exper.  and  Obfer.  vol.  iv.  p.  422  and  444. 

■f  Exper.  and  Obfer,  vol,  iii.  p,  362'. 
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Charcoal  abforbs  this  gas,  and  contrads  from  it  a (Irong 
pungent  fmell.  The  ruft  of  iron  abforbs  it  in  like  manner. 

‘‘  Alufn  abforbed  this  air  pretty  fad*,  the  furface  of  it  be- 
“ ing  rendered  white  and  opaque.  When  it  was  taken  out 
“ of  the  air,  it  looked  moift,  and  was  incapable  of  the  opera- 
“ tion  of  roafting,  like  that  which  had  been  expofed  to  al- 
“ kaline  air  ; this  air  having,  no  doubt,  like  the  other, 
‘‘  feized  upon  the  water  which  enters  into  the  compofition 
“ of  alum. 

“ iluick-lime  and  chalk  both  abforbed  a little  of  this  acid 
“ air  ; but  the  refult  was  in  no  refpe61:  remarkable.  The 
“ latter  had  been  dilTolved  by  it,  and  had  produced  a quan- 
“ tity  of  fixed  air,  precipitating  lime  in  lime-water 

Oil  of  turpentine^  fulphur^  liver  of  fulphur^  common  falt^ 
fal  ammoniac-i  iron.,  or  gum  laCy  being  expofed  to  fluor  acid 
air,  had  no  effedl  upon  it. 

This  gas  poflefles  the  extraordinary  property  of  corroding 
glafs,  when  heated  in  contact:  with  it.  “ For,”  fays  Dr. 
“ Priestley,  “ when  I had  filled  a tube  with  this  kind  of 
“ air,  and  was  endeavouring  to  take  ofi*  different  lengths  of 
“ it  with  a blow-pipe,  I found  that,  when  the  glafs  became 
“ red-hot,  it  was  always  fo  corroded  and  dilfolved,  that  it 

was  impoffible  to  clofe  it  by  fealing  •f*.” 

Fluor  acid  air,  when  mixed  with  alkaline  air,  forms  a 

* Exper.  and  Obler.  vol.  ii.  p.  200. 

-}-  Ibid.  vol.  iv.  p.  434, 
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white  cloud,  but  not  fo  readily  as  the  other  acid  airs. — No 
remarkable  appearance  has  been  obferved  by  the  mixture  of 
this  gas  with  fome  other  elaftic  fluids,  that  have  been  tried. 

. As  to  the  nature  of  this  elaflic  fluid,  it  feems  clear,  that 
an  acid,  phlogifton,  and  the  earth  of  the  fluor,  enter  into  its 
ccmpofltion.  It  feems  alfo  to  be  evidently  proved  by  Dr. 
Priestley,  that  the  acid  part  is  the  vitriolic,  and  not  a par- 
ticular acid  ; flnce,  when  this  air  is  deprived  of  its  earthy 
part,  it  appears  to  be  the  vitriolic  acid  air  ; every  property 
hitherto  obferved  of  the  one  being  alfo  pofleflTed  by  the  other. 
It  feems,  therefore,  that  the  fpar  furniflies  the  phlogifton  as 
well  as  the  earth;  which,  joined  to -the  vitriolic  acid,  form 
that  elaftic  fluid.  This  is  farther  confirmed  by  obferving, 
that  if  the  marine  or  the  nitrous  acid  is  poured  upon  the  fpar, 
the  gas  produced  docs  not  form  any  cruft  when  imbibed  by 
water ; which  feems  likely  to  have  happened,  in  cafe  the 
fluor  acid  air  was  an  acid  fui  generis  contained  in  the  fpar 
That'  the  fluor  contains  phlogifton,  is  evident  from  its 
forming  nitrous  air,  when  nitrous  acid  is  poured  upon  if. 
We  may  laftly  conclude,  as  Dr.  Priestley  obferved,  that 
this  gas,  although  originally  the  fame  as  the  vitriolic  acid  air, 
yet  pofiTefiTcs  feveral  peculiar  and  very  remarkable  properties 
w’hilft  the  fluor  earth  exifts  in  it ; and  therefore  in  that  ftate, 
and  on  account  of  thofe  properties,  it  is  entitled  to  the  dif- 
tinguifhing  appellation  of  fluor  acid  air. 

* Exper-  and  Obfer.  vol.  iii.  p.  288;  However  Mr.  Scheele  affirms,  that  the 
cruft  is  produced  by  diftillingiluors  with  the  marine  or  the  nitrous  acid. 

CHAP. 
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CHAP.  VIII. 

Of  nitrous  acid  Air^^  or  V apour. 

IN  the  5th  chapter  it  was  mentioned,  that  the  nitrous  air 
was  produced  by  nitrous  acid,  and  any  fubftance  con- 
taining phlogifton  ; but  the  nitrous  acid,  by  itfelf,  may  be 
alfo  raifed  into  an  elaftic  fluid  by  means  of  heat.  This 
elaftic  fluid,  however,  can  fcarcely  be  called  permanent,  flnce 
it  can  hardly  be  preferved  pure  for  any  length  of  time. 
Mercury  is  the  only  fluid  which  can  confine  it  longer  than 
any  other  fluid  that  has  been  tried  ; but  yet  the  mercury  is 
foon  corroded  by  it,  and  nitrous  air  is  formed  ; for  which 
reafon  this  elaftic  fluid,  whofe  nature  feems  to  be  of  great 
confequence  to  be  known,  has  hitherto  been  very  im perfectly 
examined.  I fhall,  however,  relate  the  principal  obferva- 
tions  made  about  it  ; and  fhall  leave  J:o  my  reader  to  de- 
termine, whether  it  beft  deferves  the  appellation  of  vapour-, 
or  of  a permanent  elaftic  fiuid. 

The  acid  of  nitre,  heated  in  a phial  with  a glafs  flopple 
and  tube,  yields  an  elaftic  fluid,  which  may  be  received  in 
glafs  jars  filled  with  and  inverted  in  quickfilver.  For 
though,” Z)r.  Priestley,  ‘‘  the  acid  vapour  very  foon 
‘‘  united  with  the  quickfilver,  yet  the  jar  in  which  it  was 

5 C 2 received 
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“ received  being  narrow,  the  faline  cruft,  which  was  formed 
“ on  the  furfacc  of  the  quickftlver,  impeded  the  a(ftion  of 
“ the  acid  upon  it,  till  I had  an  opportunity  of  admitting. 
“ water  to  the  air  that  I had  produced,  and  of  fatisfying 
“ myfelf,  by  its  abforption,  of  its  being  a real  acid  air,  hav- 
“ ing  an  affinity  with  water,  ftmilar  to  other  acid  airs 
In  various  proceffies  in  which  dephlogifticated  air  is  ex- 
tracted from  fubftances  mixed  with'  nitrous  acid,  there  is  a 
period  in  which  neither  dephlogifticated,  nor  nitrous,  nor 
phlogifticated  air  is  produced ; but  the  mere  vapour  of  nitre 
or  nitrous  acid  air  is  produced,  which  is  inftantly  imbibed  by 
water.  Thus,  in  the  procefs  for  obtaining  dephlogifticated 
air  from  flints,  and  alfo  from  talc,  by  means  of  nitrous 
acid,  there  is  an  interval  between  the  production  of  phlor 
gifticated  and  of  dephlogifticated  air,  in  which  the  pure  acid 
vapour  comes  out  •4. 

Among  the  various  methods  attempted  by  Dr.  Priestley^ 
to  expofe  this  vapour  or  acid  air  to  divers  fubftances,  there 
are  two  which  feem  to  anfwer  tolerably  well.  Firft,  when 
he  wanted  to  mix  this  vapour  with  any  other  elaftic  fluids 
he  introduced  that  other  elaftic  fluid  in  an  inverted  jar  as 
ufual,  then  difpofed  the  apparatus  fo  that  the  mouth  of  the 
bent  tube,  belonging  to  the  phial  in  which  the  acid  was 

* Exper.  and  Obfer.  vol.  ii.  p.  168. 

t This  vapour  is  alfo  obtained  from  the  folution  of  bifmuth  and  other  me- 
tallic fubftances  in  ftrong  nitrous  acid  ; but  then  it  is  always  mixed  with  nitrous 
air. 

contained, 
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eontained,  pafling  through  the  fluid  into  which  the  jar  was 
inverted,  was  raifed  above  the  furface  of  the  faid  fluid  ; in 
which  cafe  the  nitrous  acid  vapour,  difcharged  from  the 
mouth  of  the  bent  tube,  came  immediately  into  conradl  with 
the  other  required  elaftic  fluid.  In  the  other  method,  the 
Doctor  made  ufe  of  the  apparatus  reprefented  by  L,  fig.  9, 
plate  II.  in  which  the  acid  vapour  came  out  of  the  phial  a 
into  the  phial  and  from  this  fucceflively  through  the  other 
phials  c d.  By  this  means  various  phials  could  be  eafily  filled 
with  this  vapour,  which  being  heavier  than  common  air, 
expelled  that  refpirable  fluid  gradually,  though  not  entirely, 
from  the  phials  d\  or  it  could  be  conveniently  brought 
into  conta(fl  with  various  fluid  or  folid  fubflances  previ 
oufly  introduced  into  the  phials  c,  d.  This  vapour  ap 
pears  always  of  a reddifh  colour,  which  perhaps  it  never  en- 
tirely lofes,  except  when  by  fome  means  or  other  it  has 
changed  its  nature  ; notwithftanding  which.  Dr.  Priestley 
is  inclined  to  think,  that  the  pure  nitrous  acid  itfelf  is  as 
tranfparent  as  the  other  acids,  and  that  the  red  appearance 
of  the  nitrous  acid  air  is  owing  to  a quantity  of  phlogifton 
which  is  combined  with  it,  and  which  is  perhaps  neceffary 
to  its  aereal  exiftence. 

The  mofi;  remarkable  obfervation  made  by  Dr.  Priestley, 
in  regard  to  the  colour  of  this  vapour,  is,  that  it  may  be  made 
more  or  lefs  intenfe  by  the  adion  of  heat  only.  This  vapour 
may  be  confined  in  glafs  phials  with  ground  floppies,  or  in 

glafs 
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glafs  tubes  hermetically  fealed  and  thus  may  be  expofed 
to  the  fire  ; in  which  cafe  it  will  be  found,  that  the  colour 
of  the  vapour  becomes  confiderably  more  intenfe,  in  propor- 
tion as  the  glafs  vefiel  containing  it  is  more  and  more 
heated  ; and  that,  on  the  contrary,  the  intenfity  of  the  co- 
lour diminifhes  in  proportion  as  it  is  cooled.  ‘‘  It  feems 
probable,  from  other  phenomena,  that  if  this  vapour 
“ was  not  confined,  but  had  room  to  expand  itfelf,  it 
“ would  become  colourlefs  with  heat.  This,  at  leaf!:,  is 
“ the  cafe  when  it  is  combined  with  water.  The  pheno- 
‘‘  mena  I refer  to,  are  very  common  in  the  procefs  for 
making  dephlogifticated  air,  in  which  I firfi:  obferved 
‘‘  them.  But  the  fame  things  are  obfervable  in  the  procefs 
for  producing  any  other  kind  of  air,  in  which  much  fpirit 
of  nitre  is  made  ufe  of ; and  likewife,  conftantly,  in  the 
common  procefs  for  making  fpirit  of  nitre  itfelf.  It  is, 
that  when  the  heat  is  moderate,  the  vapour  within  the 

* Dr.  Priestley  having  obferved  that  red  lead,  impregnated  with  nitrous 
vapour,  may  be  preferved  a long  time  without  deliquefcing  or  lofing  the  acid  ; 
and  that,  by  a melting  heat,  it  yields  the  acid  vapour  -,  made  ufe  of  this 
fubftance  to  fill  the  tubes  with  nitrous  acid  vapour.  “ I therefore,” yijyj  he^ 
“ put  a fmall  quantity  of  this  white  minium  into  a glafs  tube  clofed  at  one  end  ; 
“ then,  holding  it  to  the  fire,  make  it  emit  the  red  vapour,  till  the  whole  tube 
“ is  filled  with  it ; and  having  the  other  end  of  the  tube  drawn  out  ready  for 
“ clofing,  as  foon  as  the  vapour  begins  to  ilTue  out  of  that  end,  I apply  my 
“ blow-pipe  and  feal  it. 

“ By  this  means  I conclude,  that  the  tube  is  filled  with  a pure  red  vapour, 
“ without  that  mixture  of  nitrous  air,  and  perhaps  common  air  alfo,”  &c. — 
Exper.  and  Obfer.  vol.  iv.  p.  35. 

“ glafs 
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‘‘  glafs  tube  or  retort  is  red ; but  that,  as  the  heat  increafes, 
it  becomes  tranfparent  •f'*” 

When  nitrous  acid  vapour  is  mixed  with,  common  air,  a 
decompo/itioii  of  the  latter,  and  a phlogiftication  of  the  for- 
mer, take  place ; the  air  attracting  the  phlogifton  of  the 
vapour,  and  being  thereby  rendered  incapable  of  fuffering 
any  farther  diminution  from  nitrous  air.  The  tiiiae  in  which 
this  effect  is  produced  is  various,  according,  perhaps,  to  the 
various  ftates  of  the  vapour.  In  general  it  requires  many 
days. 

Nitrous  air  feems  to  be  affeCted  by  nitrous  acid  vapour, 
in  the  fame  manner  as  it  is  affeCted  by  liver  of  fulphur,  viz, 
it  is  diminifhed  by  it,  till  it  lofes  its  power  of  diminifhing 
com.mon  air.  Dr.  Priestley  particularly  remarks  the  cu- 
rious appearances  of  this  procefs,  in  the  following  words  : 
“ The  moment  that  the  phial  of  nitrous  air  was  expofed 
“ to  this  vapour,  it  became  white,  then  tranfparent,  then 
“ red  ; and  laftly,  tranfparent  again  The  whole  of  this 
procefs,  viz.  to  the  lafl  diminution,  does  not  take  up  more 
than  a few  minutes.  “ When  this  procefs  is  quick,  that  is, 
“ when  the  nitrous  vapour  comes  very  faff,  the  whitenefs 
“ preceding  the  rednefs,  on  mixing  the  nitrous  vapour  with 
“ the  nitrous  air,  can  hardly  be  perceived  ; and  the  veffel 

t Exper.  and  Obfer.  vol.  iii.  fedl.  i8. 

, * Ibid,  vol,  ii.  p.  170. 
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“ containing  the  air  becomes  exceedingly  hot,  as  well  as  the 
tube  through  which  it  is  tranfmitted 
Alkaline  air  becomes  turbid,  white,  and  is  diminiflied,  by 
the  mixture  of  nitrous  acid  vapour. — No  remarkable  appear- 
ance has  been  hitherto  obferved  in  the  mixture  of  nitrous  acid 
vapour  with  the  other  permanently  elaftic  fluids,  befldes  thofe 
mentioned  above. 

Water  abforbs  a conflderable  quantity  of  this  acid  vapour, 
becoming  hot,  and  acquiring  the  properties  of  fpirit  of  nitre 
The  following  are  the  obfervations  made  by  Dr.  Priestley 
on  this  impregnated  water  : The  water,  after  becoming  warm, 
“ began,  as  before,  to  fparkle,  and  emit  air;  after  which  it 
“ became  bluey  fl:ill  continuing  to  give  air  in  much  greater 
“ plenty  than  before.  After  this,  the  water  became  green^ 
“ about  which  time  the  emiflion  of  air  ceafed  ; and  lailly, 
“ after  the  green  colour  had  deepened  very  much,  fo  as  to 
“ appear  almofl:  black,  when  viewed  in  the  fame  diredlion 
with  the  light  that  fell  upon  it,  a yellowijh  tinge  was 
‘‘  perceived  to  be  dilfufed  through  the  green  colour ; and 

J Exper.  and  Obfer.  vol.  ii.  p.  171. 

* Dr.  Priestley  obferves,  thatt  his  impregnated  water  feems  to  be  a purer 
acid  of  the  kind,  than  the  common  nitrous  acid  *,  becaufe,  when  mixed  with  a 
folution  of  filver  in  nitrous  acid,  it  does  not  occafion  the  depofition  of  any 
matter,  which  is  the  cafe  when  common  fpirit  of  nitre  is  ufed,  and  which  is 
thought  to  be  a proof  that  fome  vitriolic  acid  is  contained  in  it. — Exper.  and 
Obfer.  vol.  iii.  p.  205. 
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“ this  was  the  laft  ftate  to  which  I could  bring  the  water  by 
“ this  impregnation  d'.”' 

The  mofl:  remarkable  property  of  this  impregnated  water 
is,  that  the  air  which  it  yields,  either  with  or  without  heat,  , 
is  pure  nitrous  air,  as  good  as  that  extracted  by  any  means 
whatever,  and  without  the  mixture  of  any  fixed  air.  In  one 
experiment.  Dr.  Priestley  obtained  from  a quantity  of  this 
impregnated  water  more  than  ten  times  its  bulk  of  nitrous 
air.  This  will  appear  more  extraordinary,  if  it  be  confidered, 
that  water  cannot  abforb  more  than  one  tenth  of  its  bulk  of 
nitrous  air 

The  general  elFedts  of  the  impregnation  of  oils  with  the 
nitrous  acid  vapour,  are,  a coagulation  of  the  oil,  and  a change 
of  its  colour.  This  change  of  colour  is  not  the  fame  in 
every  oil,  or  in  the  fame  period  of  the  procefs.  Yellow, 
blue,  orange,  or  reddifii,  are  the  ufual  colours,  w'hich  change 
according  to  the  different  nature  of  the  oil,  and  the  degree 
of  impregnation.  An  effervefcence  is  generally  obferved  in 
this  impregnation  of  oils  ; and  once,  in  an  experiment  with 
oil  of  turpentine,  when  the  fiream  of  nitrous  vapour  was  pe- 
culiarly copious.  Dr.  Priestley  obferved  a flight  explofion 
in  the  infide  of  the  phial  The  elaftic  fluid  that  may  be 
extraded  from  oils  thus  impregnated,  appears  to  be  phlo- 
giflicated  air. 

j-  Exper  and  Obfer.  vol.  iii.  p.  198. 

:J:  Ibid.  p.  200. 

• Ibid.  fed.  20. 
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When  ether  is  impregnated  with  this  vapour,  the  upper  part 
of  the  phial  appears  filled  with  a white  fume,  and  by  apply- 
ing a candle  to  the  mouth  of  it,  a green  flame  was  perceived, 
like  that  exhibited  by  a mixture  of  inflammable  and  nitrous 
air.  By  a longer  impregnation,  the  upper  part  of  the  ether 
aflumes  a deep  blue  colour,  and  then  it  emits  phlogiflicated 
air  very  copioufly.  By  this  impregnation,  ether  feems  to  be 
rendered  more  volatile. 

Spirit  of  wine  does  not  change  its  colour  very  eafily,  when 
impregnated  with  the  vapour  of  nitrous  acid  ; but  after  con- 
tinuing the  procefs  fome  time,  a quantity  of  nitrous  ether  ip 
formed,  and  fwims  over  it. 

When  a copious  impregnation  is  long  continued,  the  fpirit 
of  wine  at  length  becomes  fuddenly  blue,  boils,  and  emits  a 
confiderable  quantity  of  elaftic  fluid,  a greater  quantity  of 
which  may  be  expelled  from  it  by  means  of  a fmall  degree 
of  heat.  This  fays  Dr.  Priestley,  in  one  of  his  esc^ 
perimentSy  “ being  transferred  to  quickfilver,  did  not  afled  it 
“ and,  upon  admitting  lime-water  to  it,  though  one  half  of 
“ it  was  prefently  abforbed,  the  water  did  not  become  tur- 
“ bid.  Applying  the  flame  of  a candle  to  the  mouth  of  the 
vefiel  in  which  it  was  contained,  it  burned  with  a blue 
“ flame,  defcending  pretty  rapidly  from  the  top  to  the  bottom 
of  the  veffel 

Alu?n  is  rendered  white  and  opaque  by  nitrous  acid  va- 


* Exper.  and  Obfer.  vol.  iii;  p.  214^ 
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pour.  Common  fait  imbibes  this  vapour.  Red-lead^  which 
is  rendered  almoft  black  by  nitrous  acid,  becomes  white  and 
brittle  by  the  impregnation  of  nitrous  acid  vapour^  It  is  al- 
fo  heated  by  that  impregnation. — Sulphur  is  not  aifeded 
by  it. 

Both  oil  of  vitriol  and  marine  acid  abforb  a good  deal  of 
nitrous  acid  vapour,  though  not  fo  much  as  water.  The 
vitriolic  acid,  thus  impregnated,  emits  a great  quantity  of 
red  vapour,  when  water  is  mixed  with  it.  The  heat  pro- 
duced,  and  the  impetuolity  of  the  vapour  iffuing,  in  this 
mixture  of  water  with  the  impregnated  vitriolic  acid,  are 
very  remarkable  phenomena.  The  oil  of  vitriol,  impreg- 
nated with  nitrous  acid  vapour,  will  be  found  almofi:  entirely 
cryftallized,  after  being  kept  a long  but  uncertain  time. 
Thefe  cryftals,  however,  may  be  eafily  formed  in  the  follow- 
ing manner  : — When  the  vitriolic  acid  is  nearly  faturated 
with  the  nitrous  vapour,  hold  the  phial  (which  fhould  be 
“ a large  one,  containing  about  a quart)  and  turn  it  fo  as  to 
“ moiften  all  the  inlide  of  it ; then  immediately  throw  in 
“ a very  copious  nitrous  vapour,  fo  that  the  whole  phial  fhall 
“ be  intenfely  red,  and  running  over  ; after  which,  put  in  the 
“ ftopper,  and  let  it  remain  quite  ftill.  The  upper  part  of 
“ the  oil  of  vitriol  will  then  be  of  an  orange-colour,  and  all 
“ the  fides  of  the  phial,  and  efpecially  the  parts  towards  the 
“ bottom,  will  foon  be  quite  covered  with  thofe  cryflals,  but 
of  different  lizes. 

By  repeating  this  procefs,  one  half  of  the  whole  body  of 
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vitriolic  acid  will  be  cryftallized  in  an  irregular  manner,  as 
“ if  it  was  congealed 

Thefe  cryftals,  when  heated,  produce  a red  fume,  and 
become  liquid  ; but  when  put  in  water,  they  become 
green,  and  effervefce  with  violence,  emitting  bubbles  of  elaftic 
fluid.  But  what  is  very  remarkable,  the  water  begins  in- 
ftantly  to  fparkle  with  the  fpontaneous  and  copious  produc- 
tion of  very  pure  nitrous  air  ; the  quantity  of  which  is  equal 
to  above  one  hundred  times  the  bulk  of  the  cryftals  -f . 

Water  faturated  with  vitriolic  acid  air,  may  be  impregnated 
with  nitrous  vapour  almoft  as  well  as  pure  water 

Marine  acid,  by  the  impregnation  of  nitrous  acid  vapour,, 
acquires  a deep  orange-colour,  and  emits  a vapour  peculiarly 
pungent.  Marine  acid,  thus  impregnated,  forms  a moft  ex- 
cellent aqua  regta^  which  diflblves  gold  with  great  rapidity, 
without  requiring  any  heat,  and  in  greater  quantity  than  the 
common  aqua  regia.  It  is  very  remarkable,  that  whereas  the 
common  aqua  regia  conflfts  of  about  t fpirit  of  fait  and 
about  -Ir'of  nitrous  acid,  this  new  kind  of  aqua  regia  is- 
formed  by  impregnating  the  marine  acid  with  a very  little 
quantity  of  the  nitrous  vapour  ; hence  it  appears,  that  by- 
this  method  not  only  a ftronger,  but  alfo  a cheaper  fort  of 
aqua  regia  may  be  eaflly  made  §. 

* Exper.  and  Obfer.  vol.  iv.  § 40. 

d*  Ibid.  § 2. 

j:  Ibid.  vol.  iii.  p.  221. 

^ This  fort  of  aqua  regia  may  be  alfo  made  by  decompofing  nitrous  air  over 
a quantity  of  marine  acid.  Exper.  and  Obfer.  vol.  iii.  p.  220. 
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It  is  very  remarkable,  that,  after  having  made  aqua  regia 
by  impregnating  marine  acid  with  the  nitrous  vapour,  Dr. 
Priestley  could  not  by  any  means  form  an  aqua  regia  by 
impregnating  nitrous  acid  with  the  vapour  of  fpirit  of  fait. 

When  fpirit  of  fait  is  faturated  with  nitrous  vapour,  it 
yields  nitrous  air  in  the  fame  manner  as  water  does. 

Marine  acid,  faturated  with  frefh  made  minium,  foas  to  be 
yellow,  acquires  a deep  orange-colour  by  the  impregnation 
of  nitrous  acid  vapour.  When  faturated  with  white  minium, 
made  fo  in  confequence  of  the  colour  being  extraded  from  it 
by  the  fpirit  of  fait,  it  acquires  a light-blue  colour  by  the  like 
impregnation.  When  faturated  with  precipitate  per  fe^  the 
impregnation  of  nitrous  acid  vapour  gives  it  a green-colour ; 
but  renders  it  blue  when  faturated  with  flowers  of  zinc. 

“ The  phofphoric  acid  is  prefcntly  faturated  with  nitrous 
‘‘  vapour,  and  afiumes  a deep  indigo-blue  colour. 

“ Radical  vinegar  is  alfo  foon  faturated  with  this  vapour, 
“ and  aflTumes  a light  blue 

Befldes  the  above-mentioned,  there  are  a few  other  obfer- 
vations  made  in  refped  to  the  impregnation  of  fome  par- 
ticular bodies  with  the  nitrous  vapdur  ; but  I fhall  not  detain 
my  reader  with  the  particular  account  of  the  fame,  as  they 
are  of  no  great  confequence,  and  fuch  as  may  be  ealily 
imagined,  after  confldering  the  phenomena  already  men- 
tioned. 

♦ Exper.  and  Obfer.  vol.  iv.  p.  38. 
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CHAP.  IX.  ' 

Of  Alkaline  Air* 

A PERMANENT  elaftic  fluid,  of  an  alkaline  nature, 
may  be  obtained  from  volatile  alkali,  in  the  fame 
manner  as  acid  elaftic  fluids  are  obtained-  from  acids. 

Every  volatile  alkali,  when  lifted,  yields  a conflderable 
quantity  of  elaftic  fluid,  which,,  when  mild  alkalies  are  ufed,. 
is  moftly  fixed  air  ; but  volatile,  fpirit  of  fal  ammoniac,  made 
by  a diftillation  with  flacked  lime,  contains  no  fixed  air,  and 
the  elaftic  fluid  it  produces  when  heated,  is  pure  alkaline  air, 
confinable  by  quickfilver,  tranfparent,  and  not  condenfable 
into  a vifible  fluid  by  the  ufual  cold  of  the  atmofphere. 

Dr.  Prie  STLEY  found,  that  the  eafieft  as  well  as  the  cheap— 
eft  way  of  procuring  fuch  elaftic  fluid,  was  to  ufe  the  ma- 
terials themfclves,  out  of  which  the  volatile  fpirit  of  fah 
ammoniac  is  produced.  For  this  purpofe,  he  ufually  filled  a 
phial  with  a mixture  of  one  part  of  pounded  fal  ammoniac 
and  three  parts  flacked  lime.  The  heat  of  a candle  will  ex- 
pel a vaft  quantity  of  alkaline  air  from  a phial  thus  filled. 
For  common  experiments,  the  fame  materials  will  laft  a con- 
flderable time,  without  any  alteration.  Dr.  Priestley  fays, 
that  a fmall  iron  tube,  to  which  a glafs  tube  was  cemented, 
is  much  more  convenient  for  this  procefs  than  the  glafs 

As 
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As  water  foon  begins  to  rife  in  this  procefs,  it  is  necefTary, 
“ if  the  air  is  intended  to  be  conveyed  perfedlly  dry  into 
‘‘  the  veffel  of  quickfiiver,  to  have  a fmall  velTel,  in  which 
“ this  water  (which  is  the  common  volatile  fpirit  of  fal  am- 
“ mcniac)  may  be  received.  This  fmall  veflcl  muft  be  in- 
“ terpofed  between  the  veflel  which  contains  the  materials 
“ for  the  generation  of  the  air,  and  that  in  which  it  is  to  be 
“ received^',” — See  fig.  xii.  plate  Ilfi 

Alkaline  air  is  highly  noxious  to  animals,  and  its  pungent 
alkaline  fmell  is  very  penetrating  and  difagreeable.  It  is  in- 
capable to  afiifj:  combuftion,  and  is  itfclf  fiightly  inflammable. 
A candle  dipped  into  a jar  full  of  this  gas,  is  extinguifhed, 
but  a little  before,  pts  flame  is  enlarged  by  the  addition  of 
anot;her  flame  of  a pale  yellow  colour  and  often  the  al- 
kaline air  does  adtually  take  fire  when  the  flame  of  a candle 
is  approached  to  it,  a^  we^k- flame  being  feen  to  fpread  itfelf 
a confiderable  way  about  . the  candle,  and  fometimes  all- 
through  the  body  ofilihe  alkaline  air.  It  is  very  remarkable^ 
that  ,the  eledtfic  fparks,  when  taken  in  alkaline  air,  turn 
it  into,  inflammable  air.  The  ele£tric  fparks  taken  in  alka- 
line air  appear  red ; but  their  effedls  upon  it  feera  to  be 
very  extraordinary.  _ Every  eledric  explofion,  that  is  made  in. 
alkaline  air,  adds  confiderably  to  its  bulk  ; fo  that  by  making 
about  200  explofions  in  a quantity  of  it,  an  addition  may  be 
made  to  it  of  perhaps  a quarter  of  the  original  quantity.  If 
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water  is  admitted  to  this  alkaline  air,  thus  augmented  by 
eledlricity,  the  original  quantity  of  alkaline  air  will  be  ab- 
forbed  by  it ; and  fo  much  elaftic  fluid  will*  remain  unab- 
forbed  by  the  water,  as  was  added  by  means  of  the  eleftric 
fliocks.  This  elaftic  fluid  was  found  by  Dr.  Priestley  to 
be  flrong  inflammable  air,  neither  affedling  common  air,  nor 
being  itklf  diminifhed  by  nitrous  air 

According  to  Mr.  Fontana,  the  fpeciflc  gravity  of  alka- 
line air  is  to  the  fpecific  gravity  of  common  air  as  7 to  i 5 
nearly  ; and  a cubic  inch  of  the  former  weighs  0,2  gr.  when 
the  barometer  is  at  a mean  height,  and  the  thermometer 
about  temperate. 

Dr.  PRiESTLEY  found  that  ice  was  diflblved  by  alkaline 
air  as  fafl:  as  by  a hot  fire.  “ TKis^fays  he,  “ was  tried 

when  the  air,  and  every  inftrnment  made  ufe  of  in  the  ex- 
“ periment,  had  been  expofed  to  a pretty  intenfe  frofl:  feve- 
“ ral  hours ; alfo,  the  water  into  which  the  ice  was  melted, 
“ difTolved  more  ice,  to  a confiderable  quantity  i-.” 

Water  abforbs  a great  quantity  of  alkaline  air  ; and  by  this 
abforption  both  its  weight  and  bulk  are  increafed.  Dr.  Priest- 
ley found  in  a fingle  experiment,  upon  which  however  he 
does  not  lay  great  flrefs,  that  it  gr.  of  rain-water  abforbed  1 of 
an  ounce  meafure  of  alkaline  air,  by  which  impregnation 
its  weight  was  increafed  about  half  a grain,  and  its  bulk 


* Exper.  and  Obfer.  vol.  ii.  p.  239,  240. 
t Ibid.  vol.  i.  p.  176. 
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was  a little  more  than  doubled  d*.  The  water  thus  faturated 
with  alkaline  air  has  a ftrong  penetrating  fmell  of  volatile  al- 
kali, and  indeed  much  ftronger  than  that  of  the  ufual 
fpirit  of  fal  ammoniac  Water  imbibes  the  greateft  quan- 
tity of  alkaline  air  almoft  inftantly  ; but  it  requires  a con- 
fiderable  time,  perhaps  a day  or  two,  before  it  becomes  fa- 
turated with  it.  After  that  a portion  of  a quantity  of  alkaline 
air  has  been  abforbed  by  water,  the  reliduum  is  lefs  abforbable 
by  water ; which  feems  to  be  the  cafe  with  every  kind  of- 
permanently  elaftic  fluid.  From  the  water  thus  impregnated, 
the  gas  may  be  eaflly  expelled  by  means  of  heat. 

Dr.  Priestley  confined  fome  water,  impregnated  with 
alkaline  air,'in  a glafs  tube;  and  thus  expofed  it  to  a ftrong  heat 
in  a fand-furnace  for  feveral  days ; and  the  eft'edt  he  re- 
marked was,  a white  fediment  or  incruftation  on  the  fldes  of 
the  vefiTel,  and  on  the  furface  of  the  liquor 

Spirit  of  winOj  or  ether ^ imbibe  alkaline  air  about  as  readi- 
ly as  water ; but  neither  their  colour  nor  inflammability  is 
affedled  thereby.  A piece  of  infpijfated  juice  of  turnfole^ 
made  very  dry  and  warm,  imbibed  a great  quantity  of  alka- 
line air,  and  acquired  a very  pungent  fmell,  but  its  colour 
was  not  changed.  Oil  of  turpentine ^ and  ejfential  oil  of  mint ^ 
abforbed  a very  fmall  quantity  of  alkaline  air,  without  being 

■f  Exper.  and  Obfer.  vol.  i.  p.  167. 

By  this  means  an  alkaline  liquor  may  be  made,  which  is  both  Urcnger  and 
cheaper  than  the  common  fpirit  of  fal  ammoniac. 

* Exper.  and  Obfer.  vol.  iv.  p.  423. 
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aife<3:ed  by  it.  Olive-oil  did  not  imbibe  any.  Ppirii  of  fait, 
or  vitriolic  acid^  imbibed  alkaline  air  very  freely  ; and  a lit- 
tle quantity  of  a white  fait  was  formed.  Phefphorus  gives 
no  light  in  alkaline  air.  Alum  imbibes  alkaline  air,  and  is 
rendered  Vv/hite  and  opaque  by  it,  acquiring  alfo  a very  dif- 
agreeable  taRe.  The  opacity  begins  from  its  furface,  and 
gradually  advances  towards  the  center  of  the  piece  of  alum  f. 
Roafled  alum  does  alfo  imbibe  this  gas,  and  acquires  the  dif- 
agreeable  tafte  by  it.  Sulphur^  nitre^  com?non  falt^  and 
fints^  being  admitted  to  alkaline  air,  did  not  produce  any 
remarkable  eRedt  • hwX.  chareoalyfpunge,  bits  of  linen  clothy 
and  other  fubflances  of  that  nature,  occafioned  a diminution 
of  the  quantity  of  alkaline  air  to  which  they  were  admitted, 
and  thereby  acquired  an  exceedingly  pungent  fmell,  efpe- 
cially  the  fpunge,  a piece  of  which,  about  as  big  as  an  hazel- 
nut, prefently  imbibed  an  ounce  meafure  of  alkaline  air 
Some  pieces  of  copper  having  been  kept  a whole  night  in  al- 
kaline air,  did  not  in  any  manner  affedf  the  gas,  nor  w'ere  they 
affedted  by  it  ; which  is  very  remarkable,  conhdering  that  vo* 
latile  alkali  has  a conhderable  adlion  upon  copper  :|:. 

The  mixture  of  alkaline  air  with  any  of  the  acid  gafes, 
exhibits  one  of  the  moft  flriking  phenomena  in  natural 
philofophy  y fince  two  invihble  fubftances,  on  the  moment 

t Dr.  Priestley  fufpeds,  that  the  alkaline  vapour  felzes  upon  the  ‘water- 
that  enters  into  the  conftitution  of  alum. 

* Exper.  and  Obfer.  vol.  i.  part  2.  fedt.  i.. 
ij:  Ibid.  vol.  ii.  p.  232. 
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they  come  to  touch  each  other,  lofe  their  elafticity,  and  form 
a concrete  white  a7nmo7tiacal  fait.  This  fait,  when  the  quan- 
tities ofgafes  ufed  are  not  proportionate,  fmells  very  difagree- 
ably,  either  of  acid  or  of  alkaline  air,  according  as  one  or  the 
other  of  thofe  elaftic  fluids  have  exceeded  the  juft  proportion 
in  the  mixture.  In  this  cafe,  alfo,  the  fait  eaflly  deliquefces, 
and  evaporates  in  a kind  of  white  vapour.  But  it  does  not 
deliquefce  when  the  quantities  of  gafes  ufed  are  juftly  pro- 
portioned. 

Dr.  Priestley,  after  having  made  the  above-mentioned 
remarkable  difcovery,  proceeds  to  afcertain  the  various  quan- 
tities of  alkaline  and  of  acid  air  that  would  faturate  each 
other.  His  principal  method  was,  to  put  a meafured  quan- 
tity of  alkaline  air  into  a jar  filled  with  and  inverted  in  quick- 
filver ; then  he  added  a known  quantity  of  acid  air,  which 
formed  a white  fait,  both  elaftic  fluids  nearly  loflng  all  their 
elafticity.  Thus,  by  varying  the  quantity  of  one  gas  in  pro- 
portion to  the  other,  he  afc<irtained,  after  various  trials,  the 
quantities  both  of  the  alkaline  and  the  acid  gafes,  which, 
when  mixed  together,  and  after  forming  the  faline  fubftance, 
would  leave  the  leaft  reflduuin  under  the  form  of  perma- 
nently elaftic  fluid.  By  this  means  the  Dodor  found,  that 
equal  quantities  of  alkaline  and  marine  acid  air  would  fatu- 
rate each  other,  forming  the  above-mentioned  neutral  fait, 
containing  marine  acid  and  volatile  alkali  ; but  after  this  fa- 
turation,  a reflduum  of  elaftic  fluid  remained,  Vv^hich  was 
unabforbable  by  water,  and  which,  by  the  nitrous  tafte,  ap- 
peared to  be  little  inferior  to  common  air.  Two  meafures 
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of  alkal  ine  air  would  fatiirate  one  meafure  of  vitriolic  acid  air, 
forming  a neutral  fait,  and  entirely  loiing  their  aereal  form 
The  Dcdtor  at  the  fame  time  ohferved,  that  as  much  fluor 
acid  air  v/as  required  to  fat  urate  a quantity  of  alkaline  air, 
as  of  vitriolic  acid  air,  viz.  two  meafures  of  the  alkaline  air 
for  one  of  the  fluor  acid  air  ; which,  as  the  Dodlor  juflly 
remarks,  is  a ftrong  argument  to  evince  the  ultimate  identity 
of  the  vitriolic  acid  air,  and  the  fluor  acid  air; 

“ LadJyf  ftjs  he-^  “ I filled  the  vefTel,  in  wdiich  I had  mea- 
“ fured  the  preceding  kinds  of  air,  with>^^  vapour  of  fpirit  of 
‘‘  fiitrey  and  put  to  it  an  equal  quantity,  and  one  fourth  more, 
“ of  alkaline  air;  when  it  inimediately  became  very  turbid  and 
“ white,  and  the‘  quickfllver  rofe  within  the  veficl.  Then 
filling  the  fame  phial  again  with  the  red  vapour,  as  nearly 
“ as  I could  in  the  fame  manner,  and  admitting  water  to 
“ it,  one  fourth  of  the  contents  of  the  phial  was  abforbed.,’ 
“ This,  therefore,  muft  have  been  the  fpace  that  would  have 
“ been  occupied  by  the  pure  nitrous  vapour,  if  there  had 
been  no  common  air  mixed  with  it.  Confequently,  one 
“ meafure  of  nitrous  vapour,  in  fadl,  faturated  about  five 
“ meafures  of  alkaline  air  -t**’* 

* “ There  was  frequently,  however,  the  appearance  of  fulphur  produced, 
“ upon  the  mixture  of  alkaline  air  with  vitriolic  acid  air  ; for  the  infide  of  the 
“ tube  would  be  covered  with  a perfeftly  yellow  matter.  But  this  colour  goes 
“ off  in  time,  and  nothing  but  a white  faline  fubftance  remains.”— Exper.  and 
Obfer.  vol.  ii.  p.  22. 
t Exper.  and  Obfer.  vol.  iii.  p.  29^3: 
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One  meafure  of  hxed  air  was  found  to  faturate  about 
three  meafures  of  alkaline  air,  forming  flender  cry  dais, 
which  crofTed  each  other,  and  formed  a kind  of  net- work 
on  the  fides  of  the  velTel ; but  the  mixture  of  thofe  two 
gafes  is  not  made  fo  quickly  as  the  others  mentioned  above. 
— Nitrous  air  being  admitted  to  alkaline  air,  occafioned 
a whitifh  cloud,  and  a little  diminution  took  place  ; but  it 
foon  grew  clear  again,  leaving  a little  dimnefs  on-  the 
fides  of  the  vefTel.  The  mixture  of  alkaline  air  with  the 
other  forts  of  elaflic  fluid,  did  not  fhew  any  remarkable  ap-- 
pearance. 

In  another  fet  of  experiments.  Dr.  Priestley  admitted 
equal  meafures  of  the  acid  airs  to  a large  quantity  of  alkaline 
air,  obferving,  by  the  diminution^  which  took  place,  how 
much  of  alkaline  air  would  be  faturated  by  equal  quantities 
of  the  acid  airs ; and  thefe  diminutions  he  found  to  be  in  the 
following  proportion  T : 


A meafure  of  fluor  acid  air  abforbed  of  alkaline  air  i 44- 
A meafure  of  vitriolic  acid  air  - - - 2 

A meafure  of  marine  acid  air  - - - i i 

A meafure  of  fixed  air  - - , - - ' i «. 

This  way  of  making  the  experiment,  the  Dodtor  remarks, 
to  be  lefs  accurate  than  the  preceding ; and  indeed,  confider- 

f Exper.  and  Obfer."  vol.  iii.  p.  294; 
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ing  that  thofe  elaftic  fluids  cannot  be  always  obtained  of 
precifely  the  fame  goodnefs,  and  alfo  that  fome  difference 
may  be  occafloned  by  the  manner  of  mixing  them,  it  feems 
impoflible  to  obtain  much  accuracy  in  experiments  of  this 
fort. 


CHAP.  X. 

• .4 

Containing  the  defcriptio7t  of  fome  other  permanently  elaflic 
Fluids^  various  pro7nifcuous  particulars^, and  the  properties 
of  CharcoaL 

IN  the  preceding  chapter,  thofe  permanently  elaftic  fluids 
have  been  treated  of,  the  nature  and  properties  of  which 
had  been  in  great  meafure  examined ; there  are,  however,  fome 
few  others,  viz.  the  vegetable  acid  air^  the  hepatic  air^  and  an- 
other elaftic  fluid,  obtained  by  means  of  aqua  regia  from  certain 
metals,  which  perhaps  is  a fluid  diftindl  from  the  reft  ; but,  as 
the  known  particulars  of  thefe  are  very  few  and  imperfedl,  it  was 
deemed  more  proper  to  mention  them  in  this  Angle  chapter^ 
than  to  employ  a feparate  chapter  for  the  defcription  of  each  of 
them.  Various  other  properties  of  elaftic  fluids  in  general  will 
be  alfo  mentioned  in  this  chapter,  fome  of  which  have  not  been 
I o taken 
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taken  notice  of  in  the  preceding  pages ; though  others  have 
been  already  noticed,  but  of  which  a colledive  view  feemed 
to  be  neceffary,  in  order  to  compare  one  of  them  with  the 
other  : fuch  are  the  fpecific  gravities  of  elaftic  fluids,  6cc. 

Dr.  Priestley,  who  has  been  the  indefatigable  promoter 
of  this  fubjedi,  attempted  to  exhibit  alfo  the  vegetable 
acid  in  the  form  of  a permanently  elaflic  fluid.  By 
means  of  heat  only,  he  obtained  from  very  ftrong  concen- 
trated acid  of  vinegar,  an  acid  elaflic  fluid,  conflnable  by 
quickfllver,  and  which  extinguifhes  the  flame  of  a candle 
without  any  particular  appearance.  In  this  procefs,  he  made 
life  of  the  apparatus  delineated  plate  III.  fig.  xii.  it  being  ne- 
ceflary  to  have  a fmall  phial  between  the  phial  with  the 
acid  and  the  qiiickfilver,  in  which  the  acid  that  boils  over 
might  be  lodged,  in  order  to  obtain  the  vegetable  acid  air  free 
from  moifture  *.  This  elaflic  fluid  feems  to  be  weaker  than 
any  of  the  mineral  acids ; fince  it  made  no  impreffion  upon 
common  fait,  or  borax ; and,  in  fhort,  it  was  found  unable  to 
decompofe  any  fubflance,  into  the  compofition  of  which  any 
of  the  mineral  acids  entered  •f'* 

Water  imbibes  vegetable  acid  air  as  readily  as  any  of  the 
other  acid  airs  -f- . 

Olive- oil  abforbs  a confiderable  quantity  of  vegetable  acid 
air,  and  pretty  readily.  By  this  abforption,  the  oil  lofes  its 

* Exper.  and  Obfer.  vol.  ii.  p.  23. 
i-  Ibid.  p.  25. 
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natural  yellowilli  colour,  and  becomes  quite  tranfparent; 
which  is  rather  remarkable,  fince  oil  in  general,  by  being  im- 
pregnated with  any  of  the  other  acid  airs,  is  rendered  both 
more  vifcid  and  darker  Oil  of  turpentine  acquires  a yel- 
low tinge  from  vegetable  acid  air  -f . 

“ Charcoal  imbibes  vegetable  acid  air  very  fad,  and  after- 
‘‘  wards  the  fmell  of  it  is  exceedingly  pungent ; but  the  air 
which  remains  feems  not  to  have  been  altered  by  any  thing 
“ that  it  had  got  from  the  charcoal 

Liver  of  fulphur  imbibes  vegetable  acid  air  flowly,  and 
without  any  particular  appearance 

Common  air  is  phlogifticated  by  vegetable  acid  air,  fo  as 
to  extinguifh  a candle  §. 

Vegetable  acid  air,  like  any  of  the  other  acid  airs,  lofes  its 
elafticity,  and  forms  a white  cloud,  when  mixed  with  alkaline 
air.  “ The  (ides  of  the  veffel,’*  fays  Dr.  Priestley,  “ in 
“ which  this  mixture  was  made,  were  tinged  with  yellow,  as 
“ in  the  fame  procefs  with  vitriolic  acid  air  ; which  to  me  is  a 
“ puzzling  fad,  as  I do  not  know  thatfuch  a fulphur  (if  the 
“ fubftance  be  fulphur)  was  ever  known  to  be  formed  with- 
“ out  the  vitriolic  acid  IJ.” 

In  the  17th  fedion  of  his  fecond  volume  of  Experiments 

• 

* Exper.  and  Obfer.  vol.  ii.  p.  28. 
i*  Ibid.  p.  326. 

J Ibid.  p.  25. 

§ Ibid.  p.  27. — Common  air  was  alfo  found  to  be  completely  phlogifticated, 
after  fome  weeks,  by  liquid  vegetable  acid. 

II  Exper.  and  Obfer.  vol.  ii.  p.  24. 
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and  ObfervationSj  Dr.  Priestley  remarks,  that  the  vegetable 
acid  air  bears  great  refemblance  to  the  vitriolic  acid  air ; and 
that,  if  the  difference  of  the  effeds  produced  by  them  upon 
olive-oil,  and  alfo  their  different  be  excepted,  they 

feem  to  coincide  in  the  other  properties.  But  he  judicioully 
fubjoins  the  following  fufpicion ; As  Dr.  Higgins,”  fays 
hey  ‘‘  has  informed  me,  that  oil  of  vitriol  was  employed  in 
preparing  the  concentrated  vinegar  that  I made  ufe  of  for 
“ the  produdion  of  vegetable  acid  air,  I think  it  poflible,  that 
‘‘  the  air  which  I expelled  from  it  may  have  been,  in  part, 
‘‘  of  the  vitriolic  kind  ; but  I do  not  know  of  any  other 
“ vegetable  acid  liquor  that  will  yield  air,  at  leafl  in  a 
quantity  fufficient  for  any  experiments.” 

Confidering  thefe  remarks,  and  alfo  Mr.  Fontana’s  dif- 
covery  of  the  nature  of  vegetable  acids,  (the  acidity  of  which 
Mr.  Fontana  found  to  be  owing  to  fixed  air,  &c.)  it  feems 
not  unlikely,  and  Dr.  Priestley  himfelf  fufpeds  it,  but  that 
no  fuch  thing  as  vegetable  acid  air,  different  from  the  other 
elaftic  fluids,  exifts  in  nature. 

The  hepatic  airy  fo  called  on  account  of  its  fmell,  which 
refembles  the  fmell  of  hepar  fulphurisy  liver  of  fulphury  is 
mentioned  by  Mr.  Bergman,  in  his  excellent  differtation  on 
the  mines  of  zinc,  § 8 and  9.  He  obtained  this  elaftic  fluid 
from  a mineral  called  PJeodogalena  nigra  Da?2ne7norenfs  *. 
One  hundred  parts  of  this  mineral  were  found  by  Mr. 

• Some  other  ores  of  zinc  yield  alfo  this  elaftic  fluid. 
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Bergman  to  contain  29  parts  of  fulphur,  one  of  regulus  of 
arfenic,  6 of  water,  6 of  lead,  9 of  iron,  45  of  zinc,  and  4 of 
filiceous  earth. 

When  oil  of  vitriol  is  poured  upon  this  powdered  mineral, 
the  hepatic  fmell  is  immediately  perceived,  and  a fmall  quan- 
tity of  hepatic  air  is  produced.  Marine  acid  expels  a much 
greater  quantity  of  hepatic  air  from  this  mineral  than  the 
vitriolic  acid.  By  means  of  diluted  nitrous  acid,  nitrous  air 
was  only  obtained.  This  hepatic  air  was  confined  by  quick- 
filver,  and  when  an  equal  quantity  of  nitrous  air  was  mixed 
with  it,  a condenfation  took  place,  and  a depofition  of  a 
quantity  of  fulphur  ^ ; but  Mr.  Bergman  feems  not  to  have 
afcertained  any  other  property  of  it.  He  remarks,  that  it 
could  not  be  a liver  of  fulphur ; fince  neither  an  alkali,  nor 
an  abforbent  earth,  was  found  to  exift  in  this  mineral  \ and 
he  imagines  that  this  elaftic  fluid  is  a compound  of  fulphur, 
of  phlogifton,  and  of  the  element  of  heat. 

An  acid  air,  in  fome  meafure  different  from  the  other  acid 
elaftic  fluids,  was  obferved  by  Dr.  Priestley,  and  deferves 
to  be  farther  inveftigated.  The  Dodlor’s  paflage  is  the  fol- 
lowing : “ But  none  of  the  appearances  recited  above  are  fb 
“ remarkable  as  the  phenomena  produced  by  the  vapour 
“ which  I procured  on  diftilling  to  drynefs  a folution  of  gold 

“ * Aerls  hepatici  dimidius  quadrans  in  lagena  inverfa  colledti,  acre  nitrofo 
**  aequalis  voluminis  Intromiffb,  mox  congrumatur  fulphur  deponens,  & hydrar- 
y gyrus  thermometri,  in  eodem  fufpenfi,  per  6 gradus  afccndebat.*’, 

“ in 
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in  marine  acid,  impregnated  with  nitrous  vapour,  which  I 
“ have  mentioned  as  fo  excellent  a kind  of  aqua  regia.  The 
“ produce  of  this  procefs  was  an  acid  air  of  a very  peculiar 
“ kind,  partaking  both  of  the  nitrous  and  marine  acid,  but 
“ more  of  the  latter  than  of  the  former,  as  it  extinguiflied  a 
“ candle;  but  it  was. both  extinguiflied  and  lighted  again 
“ with  a mofl:  beautiful  deep  blue  flame.  A candle  dipped 
“ into  the  fame  jar  of  this  kind  of  air,  went  out  more  than 
“ twenty  times  fuccefllvely,  making  a very  pleaflng  experi- 
“ ment.  The  quantity  of  this  acid  air  is  very  great,  and  the 
“ reflduum  I have  fometimes  found  to  be  dephlogifticated, 

“ fometimes  phlogifticated,  and  at  other  times  nitrous 
“ air 

I fliould  have  hardly  mentioned  this  as  a fufpicion  of  the  * 
exiilence  of  a new  fort  of  elaftic  fluid,  had  not  Mr.  Fontana 
mentioned  to  have  difeovered  a new  permanently  elaflic  fluid 
to  be  obtained  from  gold  and  platina.  A fliort  time  before 
he  left  London,  he  faid  to  have  difeovered  this  elaftic  fluid, 
and  to  have  afeertained  its  properties,  which  were  very  re- 
markable ; but  he  was  unwilling  to  make  thofe  particulars 
known  at  that  time,  and  I never  afterwards  learned  any  thing 
farther  about  them. 

The  fpecific  gravities  of  the  divers  permanently  elaftic 
fluids  having  been  mentioned  in  the  preceding  chapters  in  a 
feparate  manner,  I think  it  very  proper  to  collecSt  them  in 


• Exper.  and  Obfer.  vol.  iii.  p.  225. 
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©ne  point  of  view,  in  order  that  the  proportion  of  one  to  the 
other  may  be  eafily  perceived.  The  following  table  exhibits* 
thofe  gravities,  and  alfo  the  abfolute  weights  of  a cubic  inch 
of  the  various  elaftic  fluids,  under  a mean  height  of  the  baro- 
meter and  temperate  degree  of  heat ; which  are  the  refults  of 
Mr.  Fontana’s  experiments,  whofe  method  of  aicertaining; 
them  is  certainly  the  moft  exadt. 


Names  of  elaftic 

Their  fpecific 

Weight  of  a cubic 

Fluids. 

gravities. 

inch  of>  in  grains. 

Common  air  - 

- 

- 

- 152’  - 

- - - 0,385 

Dephlogifticated 

air 

- 

- 160  - 

“ ^ — 0,042 

Phlogifticated  air 

* 

- 

140  - 

- - - 0,377 

Fixed  air  - - 

• 

- 220  - 

- - - 0,57 

Inflammable  air 

- 

- 

10 

- - - 0,035: 

Nitrous  air 

- 

- 

- 157  - 

- - - 0,399 

Marine  acid  air 

- 

- 

- 243  - 

- - - 0,654 

Vitriolic  acid  air 

- 

- 

- 3QO  - 

- - - 0,778 

Fluor  acid  air  - 

- 

. 450  - 

- - - 1,24 

Alkaline  air  - 

- 

- 

“ 70  - 

- - - 0,2 

Dr.  Priestley  endeavoured  to  afcertain  the  various  ex- 
panflons  or  additions  of  bulk  made  to  equal  quantities  of  dif- 
ferent elaftic  fluids  by  equal  degrees  of  heat ; and  he  found, 
that  whilft  the  thermometer  was  heated  of  ten  degrees,  the 

‘t  The  air  was  phlogifticated  by  faturatlon  with  nitrous  air, 

expanflons 


end  other  permanently  elajlk  Fluids*  773 

€xpanfions  of  equal  quantities  of  elajflic  fluids,  heated  alfo  of 
ten  degrees,  were  as  in  the  following  table  * : 


Common  air  - - 

- 

Nitrous  air  - - 

- 2,02 

Dephlogifticated  air 

- 2,21 

Marine  acid  air  - 

- 

Phlogifticated  air  - 

- 1,65 

Vitriolic  acid  air  - 

- 2,37 

Fixed  air  - - - 

- 2,2.0 

Fluor  acid  air 

- 2,83 

Inflammable  air  - 

- 2,05 

Alkaline  air  - - 

" 4)75 

I (hall  not  detain  the  reader  with  an  account  of  the  me-- 
thod  ufed  in  thofe  experiments,  flnee  it  feems  not  to  be  ca- 
pable of  much  preciflon,  and  the  Doctor  hiinfelf  does  not 
-lay  great  ftrefs  upon  the  above-mentioned  refults* 

V Some  perfons  feem  to  have  fufpedted,  that  the  other  per- 
manently elaftic  fluids  had  not  the  fame  mechanical  property 
that  common  air  has,,  viz.  of  occupying  a fpace  inverfely  pro- 
portional to  the  weights  that  confine  it.  But  this  rufpicion 
has  never  been  verified  by  experiments ; on  the  contraryj. 
befides  it  appearing  very  unlikely,  fixed  air,  and  one  or  two 
more  elaftic  fluids,  having  been  examined  after  the  manner 
. ufed  for  common  air,,  and  deferibed  in  the  preceding  Part  of 
this  work,  have  been  found  to  be  exacftly  like  common  air 
•'in  this  refpe61:,  viz.  to  be  confined  into  fpaces  inverfely  pro- 
portional to  the  weights  that  confine  them. 

Dr.  Priestley  finds  that  every  kind  of  permanently  elaf- 
tic fluid  is  a non-condudor  of  eledricity  ; but  probably  they 

^ Exper.  and  Obfer,  vol.  iii.  p.  347. 
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are  not  all  of  the  fame  degree.  The  colour  of  the  elecflrlc 
{park,  although  equally  vihble,  yet  is.  not  of, the  fame  co- 
lour in  every  fort  of  elaftic  fluid.  In  inflammable,  and 
in  alkaline  air,  it  appears  of  a purple -or  red  colour ; in  fixed 
air  it  appears  white.  ' ' 

I fhall, daftly,  conclude  this  chapter,  and  this  Part  of  my 
work,  with  the  account  of  Mr.  Fontana’s  remarkable  dif- 
xovery  relating  to  fome  properties  of  charcoal.— That  various 
fubftances  had  the  property  of  diminiftiing  and  of  abforbing 
common  air,  and  fome  other  permanently  elafticfluids,  efpecially 
when  thefe  fubftances  had  been  heated  previous  to  their  be- 
ing expofed  to  the  air,  &c.  had  been  oblerved  by  various 
philofophers.  But- the  quantity  of  common  air  thus  ab- 
forbed  was  very  inconfiderable,  and  always  a refiduum  was 
left.  Mr.  Fontana,  as  early  as  the  beginning  of  the  year 
1776,  being  at  Paris,  fhewed  to  feveral  perfons  his  difcovery 
of  a fubftance  that  in  certain  circumftances  could  abforb  a 
quantity  of  common  air  feveral  times  greater  than  its  own 
bulk,  and  that  without  leaving  any  refiduum  of  air,  provided 
the  quantity  of  air  to  which  that  fubftance  was  expofed  did 
not  exceed  the  quantity  poflible  to  be  abforbed.  In  fliort, 
Mr.  Fontana  found  that  charcoal  (whether  it  had  been 
made  by  charring  a piece  of  wood  flowly  without  flame,  or 
it  had  been  fuffered  to  flame)  after  it  had  been  made  red-hot, 
in  the  ad  of  cooling  abforbed  a quantity  of  common  air 
equal  to  about  fix,  and  often  even  eight  times  its  own  bulk  ; 
fo  that  if  a piece  of  red-hot  charcoal  was  confined  under  a 

glafs 
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glais  jar  filled  with  common  air  and  inverted  in  quickfilver, 
and  if  the  bulk  of  the  air  contained  in  the  jar  was  not 
above  fix  times  the  bulk  of  the  piece  of  charcoal,  that  quan- 
tity of  air  would  be  gradually  abforbed,  and  by  the  time 
the  charcoal  was  become  cold,  the  whole  quantity  of  air 
would  have  difappeared,  and  confequently  the  jar  would  be  “ 
entirely  filled  with  quickfilver.  The  moft  remarkable  cir- 
cumftance  is,  that  the  charcoal  once  made  red-hot,  and  ex- 
tinguiihed  out  of  the  contact  of  air,  viz.  in  vacuo,  or  in  quick- 
filver, never  lofes  the  property  of  abforbing  air ; at  leafl  Mr.. 
Fontana  found,  that  the  charcoal  retained  it  undiminifhed 
even  after  feveral  months ; fo  that  if  a piece  of  red-hot  char- 
coaF be  plunged  in  quickfilyer,  and  be  kept  therein  for  any- 
length  of  time' ; or  if  it  be  put  into  a receiver  out  of  which 
the  air  is  quickly  exhauficd  betore  the  charcoal  lofes  entirely 
its  rednefs ; and  if  afterwards  this  piece  of  charcoal,  fo  pre- 
ferved  either  in  vacuo  or  in  quickfilver,  be  expofed  to  a 
quantity  of  air. not  exceeding  fix  times  its  own  bulk;  the  air 
will  be  entirely  abforbed  by  it,  without  leaving  any  refi- 
duura.  When  the  charcoal  thus  preferved  is  expofed  to  a 
proper  quantity  of  common  air,  the  quantity  of  air  is  abforb- 
ed inftantly,  affording  a very  pleafing  fpedlacle ; whereas, 
when  the  red-hot  charcoal  is  ufed,  the  air  is  abforbed  gradu- 
ally, viz.  as  the  charcoal  cools.  Sometimes,  when  the  ex- 
periment is  made  in  the  ufual  manner,  viz.  in  a glafs  jar  in- 
verted in  quickfilver,  and  with  one  or  more  pieces  of  char- 
coal extinguifhed  in  mercury,  the  air  is  abforbed  fo  fafi,  and 

the 
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the  mercury  with  the  charcoal  fwimming  upon  its  furfacc 
rifes  fo  quickly,  that  the  glafs  jar  has  been  actually  broken 
by  the  charcoal  being  violently  impelled  againft  its  inverted 
bottom.— If  the  quantity  of  common  air  is  greater  than  that 
poflible  to  be  abforbed  by  the  charcoal,  the  refid  uum  will 
be  found  to  be  fenfibly  phlogidicated. 

As  fome  of  my  readers  may  perhaps  be  at  a lofs  to  per- 
form this  remarkable  experiment,  I ihall  here  add  proper 
inftru^tions  for  the  particular  method  of  pei  Torming  it.  — • 
Let  one  or  more  roundifh  pieces  of  charcoal  be  made  tho- 
roughly red-hot  in  a common  fire,  then  take  them  one  by 
one  with  a pair  of  iron  tongs,  the  extremity  of  which  fhould 
be  alfo  made  nearly  red-hot,  that  they  might  not  cool  the 
charcoal ; and,  plunging  the  charcoal  entirely  into  the  tub 
of  quickfilver,  let  it  reft  under  the  fhelf,  and  remove  the 
tongs.  The  charcoal  in  this  manner  will  be  cooled,  and 
preferved  out  of  the  conta(ft  of  air.  Now,  when  the  ab- 
forption  of  air  is  required  to  be  feen,  invert  a glafs  jar  into 
the  quickfilver,  and  let  the  quantity  of  air  contained  in  it 
be,  by  guefs,  not  above  fix  or  feven  times  the  bulk  of  the 
charcoal  preferved  under  the  fhelf ; then  hold  the  jar  with 
one  hand,  and  with  the  other  lay  hold  of  the  charcoal,  and, 
taking  care  not  to  raife  any  part  of  it  above  the  furface  of  the 
quickfilver,  bring  it  under  the  jar,  which  muft  be  wider 
than  the  piece  of  charcoal  ; and  then  letting  it  go,  the  char- 
coal will  fwim  upon  the  quickfilver  into  the  jar,  and  will  ab- 
fbrb  the  whole  quantity  of  air  contained  in  it. 
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The  charcoal  that  has  been  thus  extinguifhed  in  quick- 
filver,  will  be  found  wholly  penetrated  by  that  metallic  > 
£uid ; and  if,  being  broken  tranfverfely^  it  be  viewed 
through  a magnifier,  its  minuteft  pores  appear  full  of  fhining 
mercury,  and  exhibit  a moft  beautiful  inje(d;icn. — By  pound- 
ing the  charcoal,  the  mercury  may  be  all  feparated  from  it. 

Mr.  Fontana  could  not  find  any  other  fiuid  befides 
quickfilver,  in  which  a red-hot  charcoal  being  extinguifhed, 
might  not  be  deprived  of  the  property  of  abforbing  air  when 
afterwards  prefented  to  it.  If  the- red-hot  charcoal  is  ex- 
tinguiilied  in  water,  or  in  oil,  it  generates  fome  inflammable 
air,  a greater  quantity  of  which  is  obtained  when  oil  is  ufed, 
than  when  water ; but  in  both  cafes  the  charcoal  lofes  its 
property  of  abforbing  air. 

Mr.  Fontana  alfo  obferved,  that  charcoal,  in  the  above- 
mentioned  -circumftances,  would  abforb  every  other  perma- 
nently elaftic  fluid,  befides  common  air  ; that  by  means  of 
heat  the  charcoal  would  afterwards  yield  again  the  elaftic 
fluid,  though  this  was  not  of  the  fame  nature  as  that  ab- 
foibed  : — but  at  the  fame  time  that  he  gave  me  leave  to  pub- 
Hfli  the  above-mentioned  particulars,  he  feemed  unwilling 
to  acquaint  me  with  the  reft 

This 

• Dr.  Priestley,  in  cohfequenCe  of  being  made  acquainted  with  ihefe  re- 
markable difcoveries  of  Mr.  Fontana,  made  the  following  experiment : — “ I 
y dropped/’  fays  he^  “ a piece  of  red-hot  charcoal  into  a phial  of  nitrous  air, 
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This  property  of  charcoal,  Mr.  Fontana  thinks  to  he- 
owing  to  a quantity  of  phlogifton,  which  is  retained  by  the 
charcoal  when  extinguiihed  in  vacuo  or  in  quickfilver,  but 
which  is  imparted  to  the  oil  and  to  the  water,  and-alfo  forms 
the  inflammable  air,  when  the  charcoal  is  extinguifhed  in  oil* 
or  in  water  ; and  accordingly,  in  thofe  cafes,,  the  charcoal 
lofes  its  property  of  abforbing  air,  when  it  is  afterwards  ex- 
pofed  to  that  element. 

Upon  this  property  of  charcoal,  Mr.  Fontana  imagined- 
that  an  exhaufting-engine  might  be  eafily  conftruded,,  which- 
would  anfwer  much  better  than  the  beft  air-pumps  now  ufed,. 
efpecially  becaufe  the  charcoal  abforbs  alfo  the  moiflure  of 
the  air  ; fo  that  if  a piece  of  charcoal  abforbs  a quantity  of 
air  contained  in  a glafs  veflel,  the  fldes  of  the  vefTel  remain 
quite  dry  ; which  is  not  the  cafe  with  the  common  air-pumps, 
A few  experiments  that  I made  fome  time  ago  feem  to  fhew^. 
that  when  the  prefTure  of  the  atmofphere  is  removed,,  the 
charcoal  does  not  abforb  the  whole  of  a conflderable  quantity, 
of  air,  as  of  about  three  or  four  times  its  own  bulk  ; which 

**  and  immediately  inverting  it  into  a bafon  of  mercury,  the  air  was  prefently 
“ reduced  to  one  fifth  of  the  whole.  Thus  it  continued  two  months,  without: 
“ any  fenfible  change  •,  after  which  I found,  that  the  air  that  remained  un- 
“ abforbed  did  not  affed  common  air,  nor  did  the  air  that  was  emitted  by  the- 
“ charcoal,  when  it  was  plunged  in  water  •,  fo  that,  in  both  thefe  cafes,  the  air 
“ feemed  to  be  entirely  deprived  of  its  peculiar  properties,  and  to  become  mero 
“ phlogifticated  air.”— Ex  per.  and  Obfer.  vol.  Iv.  p.  454. 
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Mr.  Fontana  alfo  fufpeded  : yet  it  is  not  improbable,  that 
with  a great  quantity  of  charcoal,  and  a comparativ’ely  fmall 
quantity  of  air,  the  whole  of  that  fluid  might  be  completely 
'Cxhaufted  from  a receiver,  when  the  preflure  of  the  atmo- 
sphere is  out  of  the  queftion ; and  therefore  it  is  ftill  to  be 
wiflied  that  fuch  an  exhaufling  engine  were  tried. 
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PART 

/■ 

Containing  the  UfeSj  'Theory y and  various  other 
Particulars  relating  tOy  and  forne  Kxperiments 
of  the  Author  on  the  Subject  of  Fluids,  per-^ 
manently  elaflic..^ 


IN  the  preceding  Part,  the  various  properties  of  perma- 
nently elaftic  fluids,  their  origin,  and  their  nature,^  have 
been  fufflciently  defcribed  ; but  in  this  laft  Part  of  the  pre- 
fent  work  feveral  particulars  will  be  mentioned,  which, 
although  relating  to  the  fubje£l,  yet  feemed  not  proper  to  be 
inferted  among  the  preceding  chapters  : fuch  are- — the  nature 
of  mineral  waters — the  nature  of  fulminating  fubflances — the 
theory  of  elaftic  fluids— the  advantages  derived  from  the  fub- 
jecft,  &c.  Laftly  will  be  added,  a fliort  account  of  fome 
new  experiments  made  by  the  author,. 


C H A P,. 


782  T*he  UfeSy  Theory y and  various  other  Particulars 


C H A P.  I. 

Of  the  elajlic  Fluids  of  Mineral  Waters^ 

IT  is  not  mydefignto  examine,  in  this  chapter,  the  various 
ingredients  and  medicinal  properties  of  the  various  mine- 
Tal  waters,  (ince  that  is  both  foreign  to'iny  fiibjecft,  and  treated 
•of  by  various  authors  who  have  expref&ly  written  upon  the 
nature, and  .properties  of  thofe  waters^;  but,I.ihall  only  men- 
tion, in  a fuccindl  and  fummary  way,  the  more  interefting 
particulars  relating  to  the  elaftic  fluids  contained  in  many 
mineral  waters,  and  to  which  fome  of  thofe  waters  owe  their 
greateft  medicinal  powers. 

The  elaftic  fluids  extracted  from  mineral  waters  are  of  three 
forts,  namely,  air^  inflammable  air^  and  fhlogiflicated 

mr.  Often  .one  or  two,  and  fometimes  all  three  ofthefe 
elaftic  fluids  are  found  together. in  the  fame  mineral  water. 
Their  modes  of  exiftence  in  thofe  waters  are  alfo  various, 
both  in  refpedl  to  quantity,  and  intimacy  of  combination  ; 
•for  fometimes  they  are  fo  loofely  mixed  with  the  water,  that 
by  mere  expofure  to  the  open  air  they  efcape  in  a fhort 
time ; and  on  the  contrary,  in  other  cafes,  a very  long  boil- 
'ing  is  hardly  fufiicient  to  expel  them  Indeed  Mr.  De 

Luc 

* It  has  been  fhewn  in  the  preceding  pages,  that  the  gas  is  more  obftinatel/ 
retained  in  water  when  another  iubfliance  is  combined  with  it  5 both  which  fub- 
' Hance 
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Luc  has  {liewDy  that  afmall  quantity  of  air  is  always  retained^ 
by  water,  even  after  a long  boiling ; and  which  quantity  of 
air,  or  other  elaftic  fluid,  cannot  be  feparated  from  the  water, 
except  by  means  of  a long-continued  agitation  in  vacuo  ; and 
perhaps  not  even  then  entirely.  It  feems,  that  fometimes  the 
elaftie  fl.uid  is  loofely  mixed  with  the  water,  or  with  fome 
other  fubftance  contained  in  it but  that  in  procefs  of  time 
their  union  becomes  more  intimate,  and  confCquently  the* 
elaific  fluid  cannot  be  eaflly  feparated  from  the  water ; for' 
Dr.  J.  Keiul  found,  that  a certain  mineral  water  loft  its  fpi- 
rituous  or  fparkling  property  by  being  kept  in  a Florence  flalk 
hermetically  fealed  for  a^  confiderable  time. — The  following 
is  a very  remarkable  obfervation  of  Dr.  Brownrigg,  relating 
to  the  efcape  of  the  gas  from  a mineral  water:  The  Docftor 
found  that  Pohzm  water  loft  its  gas  very  foon,  when  expofed: 
to  the  open  air  ; but  that  when  the  ambient  air  was  inter- 
cepted from  the  faid  mineral  water,  the  gas,  which  might 
have  afcended  into  an  empty  bladder  that  was  tied  to  the 
mouth  of  the  vefiel,  was  fo  obftinately  retained  by  the  water,, 
that  neither  in  the  hotteft  weather,  would  efcape  from  it 
The  quantity,  as  well  as  the  quality,  of  the  gas  contained  im 
the  medicinal  mineral  waters  is  difterent ; though  as  to  the  qua- 
lity, it  is  in  general  fixed  air  j at  leaft  this  is  the  only  elaftic 

fiance  and  gas  feem  to  detain  each  other  mixed  with  and  fufpended  in  the 
water.  Hence,  when  the  elaftic  fluid  is  feparated  from  certain  mineral  waters,, 
a depofition  of  an  earth,  or  other  fubftance,  takes  place. 

* Phil.  Tranf.  vol.  Ixiv. 
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flukl  which,  when  combined  with  water,  has  been  found  to 
be  beneficial : fo  that  the  mineral  waters,  which  abound  with 
other  forts  of  elaftic  fluid,  are  feldom,  if  at ' all,  ufed  in 
medicine,  except  when  their  medicinal  powers  are  ow- 
ing to  fome  other  ingredient.  Some  mineral  waters  are 
thought  to  contain  little  or  nothing  efle  befides  fixed  air,  to 
which  they  owe  tfieir  fparkling  property  and  medicinal  qua- 
lities ; whereas  others  contain  a very  -inconfiderable  quantity 
of  gas,  and  confequently  are  medicinal  on  account  of  other 
fubftances  that  are  contained  in  them.  It  may  be,  indeed, 
that  they  contain  a great  deal  of  gas,  but  in  fo  intimate  a 
combination  with  other  fubftances,  that  even  a long  boiling 
is  infufficient  to  manifeft  its  prefence  This  perhaps  may 
be  thc'cafe  with  the  Bath  water  ; which  Dr.  Priestley  found 
to  yield  not  above  one  thirtieth  of  its  bulk  of  elaftic  fluid, 
which  confiftcd  of  half  fixed  and  half  phlogifticated  air. — 
The  Dodor  boiled  the  faid  water  for  above  four  hours,  and 
received  the  produced  elaftic  fluid  in  quicklilver  T* 

Common  well-water,  by  boiling,  yields  not  above  one  fix- 
tieth  of  its  bulk  of  elaftic  fluid,  which  generally  is  air  flightly 
phlogifticated  ; but  waters  of  this  kind  are  fubjed  to  a great 
diverfity.  As  to  the  elaftic  fluid  obtained  by  various  means 
from  river-water,  fea-water,  6cc.  fufiicient  notice  has  been 
taken  in  the  preceding  pages.  The  quantity  of  gas,  that 

* Acids  fometimcs  will  expel  more  elaftic  fluid  from  certain  mineral  waters, 
than  a very  long  boiling. 

t Exper.  and  Obfer.  vol.  ii.  p.  222* 
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boiling  will  force  out  of  mineral  waters  in  general,  does  fel- 
•dom  amount  to  one  fourth  of  the  bulk  of  the  water  *. 

The 

* Mr.  Cavendish  obtained  above  75  ounce  meafures  of  gas  from  41 1 ounces 
of  Rathhone-place  water  *,  and  he  obferves,  that  about  twenty  ounce  meafures  of 
this  elaftic  fluid  was  yielded  before  the  water  boiled.  Phil.  Tranf.  vol.  Ivii.— 
Dr.  Hales  obtained  two  cubic  inches  of  elaftic  fluid  from  54  cubic  inches  of  Pyr* 
mont  water, — Mr.  Venel  fays,  that  Seltzer  water  contained  one  fifth  of  its 
bulk  of  elaftic  fluid,  and  that  neither  an  acid  nor  an  alkaline  principle  was 
contained  in  it,  befides  the  faid  elaftic  fluid.  But  the  beft  analyfes  of  thofe  two 
principal  mineral  waters,  viz.  the  Pyrmont,  and  the  Seltzer  water,  were  lately 
made  by  that  great  chymift  Dr.  B.  Higgins  ; which  are  as  follows : 


“ A Winchefter  gallon  of  Pyrmont  water  contains, 

dwts. 

“ Of  calcareous  earth,  combined  with  vitriolic  acid,  in  the 
form  of  felenite  — — — — 2 

“ Of  calcareous,  earth  combined  with  acidulous  gas  — — i 

“ Of  magnefia,  combined  with  acidulous  gas  — — o 

“ Of  iron,  combined  with  acidulous  gas  • — o 

Of  magnefia,  combined  with  vitriolic  acid,  or  of  bitter  ca- 
thartic fait  — — — - - — I 

Of  fea  fait  — — — — o 


gr- 


>3.4 

22 

16,6 

2,5 


^.7 

10,1 


“ It  likewife  contains  192  ounce  meafures  of  acidulous  gas,  exclufive  of 
the  quantity  retained  in  the  heat  of  boiling  water,  by  the  calcareous  earth, 
“ magnefia,  and  iron,  and  one  ounce  meafure  of  atmofpheric  air. 


“ A Winchefter  gallon  of  Seltzer  water  contains. 


dwts. 

g''- 

“ of  calcareous  earth,  combined  with  acidulous  gas 

— 0 

14 

“ Of  magnefia,  combined  with  acidulous  gas  — 

— 0 

20,5 

“ Of  mineral  alkali,  weighed  in  the  cryftalline  form 

— 5 

21,6 

“ Of  fea  fait  — — — 

— 3 

20,2 

“ Of  mineral  oleaginous  matter  — — 

— 0 

0,2 
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The  medicinal  qualities  of  feveral  mirierah  waters ‘ have 
been  known  long  before  any  diftincl  idea  had  been  acquired 
of  the  nature  of  fixed  air,  which  is  the  principle  that  moft 
of  all  gives  the  medicinal  quality  to  the  water.  The  more 
common  idea  was,  that  a volatile  fpiric  exifted  in  the  waters,, 
the  nature  of  which  was  various.  Hoffman  faid,  that  fome 
of  the  mineral  waters  of  Germany  contained  a fulphureous< 
aereo  ether eo  elajlic  fpirit.  Van  Helmont  was  fo  far  ac- 
quainted with  the  nature  of  the  mineral  waters,,  that  he 
plainly  attributes  the  depofition  of  ferruginous  matter,  and 
the  lofs  of  the  acidulous  tafte  of  the  mineral  waters,  when 
expofed  to  the  open  air,  to  the  efcape  of  the  gas  from 
them. 

The  attempts  to  imitate  fome  mineral  waters  have  not 
only  been  pradifed,  but  have  even  in  great  meafure  fucceeded,. 
long  before  fixed  air  was  known.  I remember  to  have  read,, 
in  fome  old  book  containing  the  defcriptions  of  various  reme- 
dies, the  detail  of  divers  procefles  to  make  artificial  mineral 
water  ; which,  however,  were  neither  founded  upon  theory 
nor  anfwered  upon  pradice.  In  the  year  1750,,  Mr.  Venel 
endeavoured  to  imitate  the  Seltzer  water,  by  adding  to  it  fome: 
mineral  alkali  and  marine  acid;  by  which  means  the  gas, 
feparated  from  the  alkali  by  the  acid,  impregnated  the  water, 

“ It  likewife  contains  128  ounce  meafures  of  acidulous  gas,  exclufive  of  the 
**  quantity  retained  in  the  heat  of  boiling  water,  by  the  calcareous  earth, 

magnefia,  and  mineral  alkali,  and  an  ounce  and  half  meafure  of  atmo- 
y fpheric  air.”, 


and 
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and  gave  it  the  fparkling  quality.  In  the  year  1736,  one 
‘ Dr.  Seyp  of  Pyrmont  advanced,  that  the  elaftic  fluid  of  this 
mineral  water  was  of  the  fame  nature  with  that  of  the  Grotto 
del  Cane  ; and  in  the  55th  vol.  of  the  Phil.  Tranf.  there  is 
a paper,  of  Dr.  Brownrigg,  in  which  the  author  fays,  that 
the  elaftic  fluid  contained  in  the  waters  of  Spa  and  Pyr- 
mont, was  of  the  fame  nature  with  that  which  conftituted 
the  choke-damp  in  mines.  Mr.  Cavendish  obferved,  that  the 
gas  of  Rathhone-place  waters  precipitated  lime  in  lime-water ; 
h.^nce  he  fuppofed,  that  the  greateft  part  of  it  was  of  the 
fame  nature  with  the  gas  of  calcareous  earths.  But  Dr. 
PaiESTEEY  was  the  firfl;  who  Ihewed  the  ready  and  elegant 
way  of  impregnating  water  with  fixed  air,  and  brought  the 
fubje<3:  of  making  artificial  mineral  waters  to  the  advanced 
flate,  of  which  notice  has  been  taken  in  the  preceding  Part 
of  this  work. 


CHAP.  II.  , 

Of  fulminating  Subfiances. 

‘d'  ' ‘ 

VARIOUS  fubftances,  when  heated  to  a certain  de- 
gree, produce  a great  quantity  of  elaflic  fluid,  and  al- 
nioft  inftantaneoufly  ; which  elaftic  fluid  gives  a eoncuflion 
to  the  ambient  air,  occafioning  an  explofion  ; for  which 

5 ‘H  2-  reafon 
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reafon  the  fubftances  that  produce  it  are  faid  to  escplode-^  or 
to  fulminate*  It  is  owing  to  the  produdion  of  the  elaftic 
fluid,  that  bodies  which  confine  the  fulminating  fubftances 
at  the  time  of  their  exploding  are  broken,  diftended,  pro- 
pelled,, or,  in  fhort,  receive  the  efforts  of  tHe  prodliced  elaf- 
tic fluid.  It  is  evident  from  this,  that  the  impetus,  or  the 
force  exerted,  and  the  report,  is  in  proportion  to  tile  quan^ 
tity  of  elaftic  fluid  produced,  and  alfo  to  the  quicknefs  of 
this  producftion. 

The  various  fulminating  fubft'ahces  may  be  confidered’  toj 
be  of  two  forts,  viz.  thofe  into  the  compofltion  of  which 
nitre  enters,  and  fome  metallic  precipitates.  The  principal, 
of  the  former  fort  are  gun-powder^  fulminating- powder  ^ 

thofe  of  the  latter,  are  fulminating~gold^  and  fome  mercurial; 
precipitates,  which  Mr.  Bayen  difcovered  to  have  this'pro^ 
perty  when  they  were  triturated  with  about  one  fi'xth  part  of 
flowers  of  fulphur,  and  then  heated.  The  principal  of  thofe: 
precipitates  are  the  following  :: 

“ Precipitates  made  by  adding  a fixedi  alkali^  mild,  on 
“ caujiic^  or  a volatile  mild  alkali ^ or  lime-water^  to  a folu- 
“ tion  of  mercury  in  nitrous  acid. 

“ Precipitates, made  by  fixed  alkalies^  mild  ox  cauf~ 

//V,  ox  lime-water^  to  a folution  of  corrofive  fublimate  in 
“ water. 

“ A precipitate  or  mercurial  calx ^ prepared  by  digeftihg 
“ in,  a J^nd-bath,  turbith  miner  al^  with  a folution  of  fixed  al- 
“ kali  in  water,,  till  the  precipitate  became  red. 

* Nitre  deflagrates*  with  combuftible  matters* in  general. 


Mr. 
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Mr,  Bayen  remarks,  that  no  detonation  was  produced 
**  by  mixing  thefe  precipitates  with  powdered  charcoal,  and 
“ applying  heat  to  the  mixture  ; and  alfo,  that  the  detona- 

tion,  by  means  of  fulphur,  was  obferved  to  be  fo  much 
**  the  flrongcr,  as  the  precipitates  were  more  deprived  of 
‘‘  their  acid 

T 

Gun-pt)wder  is  a well’  known  compoGtian,.  conlifting  of 
nitre, 'charcoal,  and  fulphur  -f,  T he  proportion  of  thofe  inr 
gfedients'  has  been  often  varied  ; but  the  gurv  powder  more 
generally  ufed  at  ptefeht  for  the- artillery  in.  moft  parts  of  Eur 
rope,  conGfts  of  about  fix  parts  ol  nitre,  one  of  charcoal, 
and  one  of  fulphur.  Mr.  Antoni,  in  his  excellent  work  on 
gun-powdery  mentions  four  difFerent  forts  of  gun-powder,  as 
the  more  generally  ufed  for  different  purpofes,  viz.  r.  The 
powder  for  military  mufquets ; which  conGfts  of  five  parts  of 
nitre,  one  of  charcoal,  and  one  of  fulphur.  2.  The  powder 
for  cannons;  which  is  made  with  fix  parts  of  nitre,  one  of 
eharcoal^  and  one  of  fulphur.  3.  The  powder  for  common 
fhooting  with  a mufquet ; which  is  made  with  the  fame  pro- 
portion of  ingredients  as  the  preceding,  but  its  grains  are 
fmaller.  4.  The  powder  ufed  for  fire-works which  confifts 
of  fevcn  parts  of  nitre,  one  of  charcoal,,  and  one  of  fulphur. 

* A Treatife  on  Gafes,  chap.  xv.. 

I*  White  gun-powder  has  been  often  made,  by  fubftituting  toucb'Wood^.ox  the 
filings  of  divers  ligneous  fubftances,  inftead  of  charcoal  j but  it  is  by  no  means 
fo  good  as  the  common  black  gun- powder.. 


In 
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In  the  open  air,  or  confined  in  a place  out  of  which  the 
air  is  not  exhaufted,  gun-powder  explodes,  when  the  firc  is 
communicated  to  any  part  of  it.  In  proportion  as  the  air^ 
in  which  the  powder  is  kept,  is  more  rarefied, . fo  a greater 
degree  of  heat  is  required  to  inflame  it  j and  laftly,  in  vacuo 
it  does  not  explode  at  all.  . 

Dr.  Priestley  has  found,  that  gun-powder,  when  heated, 
explodes,  in  every  kind  of  elaftic  fluid,  in  the  fame  manner 
as  it  does  in  common  air  ; even  in  inflammable  .air  it;  may 
be  fired  without  danger  ; for.  the  inflammable  air,  provided 
no  refpirable  air  is  mixed  with  it,  is  neither  fired,  nor  lofes 
its  inflammability  by  ki  The  Do(ftor  has  alfo  obferved,  that 
common  air  is  phlogiflicated  by  burning  a .fmall  quanfity  of 
'gun- powder  in  it;  but  other  elaflic  fluids  are  not  fenfiblyalterc^ 
"by  the-  like  combuftion.  For  thefe  experiments,  Dr^  Pr^es-T- 
Lkv  ufed  -i-to  put  the  gun-powder  upon  a fland  in  a gl^i- 
*ie§eiver,  then  exhaufted  the  eomrnpo  air,  from  it,  by  mea^s 
%f'^&*'gOo'd'^ air-pump,  arid  aftervivards  xfill^  ,it  wjthj  thje  re- 
quired elaftic  fluid,  &c.-—Sorrietimes  he  introduced  the  elaftic 
^u id  and  guri-powder  into  a receiver  filled  with  and  inverted 
in^quickfilver  ; but  he  remarks,  that  'in  this  cafe  it  was  n<pt 
‘eaty  to  convey  the  gun- powder  into  the  receiver,  in  the 
adt  quantity  that  was  required  f. 

‘‘  Being  defirous,”  fays  Dr.  Priestley,  “ of  knowing 
■''  what  kind  of  air  was  produced  by  the  exploflon  of  gun- 


«( 


powder. 


-J-  Exper.  and  Obfer.  vol.  i.  p.  254  to  257. 
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“ powder,  I for  that  purpofe  mixed  equal  quantities  of  brim- 
ftone  and  falt-petTe,  both  finely  pounded,  and  put  them  into 
‘‘  a tall  glafs-vefiel.  The  produdion  of  air  was  very  rapid  and 
“ copious,  and  fo  highly  nitrous,  that  two  meafures  of  com° 
“ mon  air,  and  one  of  this,  occupied  the  fpace  of  2 4-  mea- 
“ flares.  Since^  the  produce  of  air  from  fpirit  of  nitre  and 
“ charcoal. is  the^ very  fame  with  this,  viz.  nitrous  air;  it 
“ cannot  be  doubted,  but  that  nitrous  air  is  alfo  produced 
“ in  the  explofion  of  gun-powder,  which  is  compofed  of 
“ thole  ingredients  ; the  fpirit  of  nitre  not  being  dc'droyed, 
“ Of  tac  decompofed,  as d^hat  its  acid  nature  is  doll,  but 
“ only  entering  into  the  compofition  of  this  (pecies  of 
'“'jair'-f.”  ' ■ . ; 

A/5r50({^he  quantity!  of  elaftic  fluid  extricated  from  gun- 
powder in  the  ad’ of  exploding,  the  eftiniates  of  various  au- 
thors do  not  agree  with  each. other.  This  diverfity  is  prin- 
cipally owing  to  ithe  various  quality  and  proportion  of  the 
materials,  in  the  compoficioh  of  .the  fpecimens  of  powder  ufed 
iby  thofe  perfons,  and  may  be  alfo  in  great  rrteafure  attributed 
to  the  drfliculty  of  perfoririing  thofe  experiments  with  accu- 
racy, and  to  the  abforption  of  part  of  the  generated  elaftic  fluid 
by  the  vapour  produced  by,  or  the  refiduum  remaining  after,, 
the  combuflion^jpf.gunr powder.'  oMr,  Robins,  in  his  Prin. 
eiples  of  Gunneryy:  relates  fome  of  his  experiments^  which- 
(hew,  that  the  bulk. of  the  generated  .elafl:ic>  fluid  is  about 

. sv^.  gjtper.  arid  Obfer.  vol,  if.  p.  89,;  "'l  l.-l  . 

3 244. 
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^44  times  the  feulk  of  the  pawder  exploded  ; viz.  when  that 
elaftic  fluid  is  comprefTed  by  the  ufual  weight  of  the  atmo- 
fphere,  and  in  a 'temperate  degree  of  heat ; -for  when  - this 
elaflic  fluid  is  ijufl  produced,  it  mufl  occupy  a much  greater 
fpace,  on  account  of  its  being  rarefied  by  the  heat  of  the 
flame.  Mr.  Robins  finding,  by  experiments,  that  air,  rare- 
fied by  fuch  a degree  of  heat  as  makes  iron  barely  white- 
hot,  occupies  four  times  the  fpace  it  did  in  the  ufual  tem- 
perature of  the  atmofpherc,  fuppofes  that  the  elaftic  fluid 
produced  by  gun-powder,  in  its  firft:  rarefied  ftate,  occupies  a 
fpace  at  moft:  not  above  \ooo  times  the  bulk  of  the 

The  Count  de  Saluce  fays,  that  the  elaftic  fluid  pro- 
duced by  gun- powder,  when  reduced  to  the  temperature  of 
the  atmofphere,  is  equal  to  2 2 2 times  the  bulk  of  the  powder ; 
which  eftimate  he  finds  to  agree  with  the  computations  of 
MeflTrs.  Hauksbek,  Amontons,  and  Belidor  f . 

Dr.  Ingenhousz  makes  the  following  calculation  : A 

cubic  inch,’*y23tyr  be^  of  folid  gun- powder,  contains  in 
weight  44-2  grains,  of  which  331^  grains  are  nitre,  55^ 
charcoal,  and  as  much  fulphur  (fuppofing  the  proportion  of 
the  ingredients  of  the  powder  to  be  fix  parts  of  nitre  to 
“ one  of  charcoal  and  one  of  fulphurjj  331  ^ grains  of  ni- 
“ tre  will  produce  552  cubic  inches  of  dephlogifticated  air; 
‘55t  grains  of  charcoal  will  produce  about  17  cubic  inches 

t See  the  Mifcellanea,  Phil,  Mathem.  Societatis  privatae  Taurinenfis. 
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“ of  air,  chiefly  inflammable,  according  to  the  calculation 
of  Abbe  Fontana  *.** 

From  this  eafy  calculation,  Dr.  Ingenhousz  deduces, 
that  a cubic  inch  of  gim-powder  produces  at  leafl;  569  cubic 
inches  of  elaflic  fluid ; which,  on  its  firfi:  produdion,  being 
rarefied  by  the  flame,  occupies  about  four  times  that  fpace, 
viz.  2276  cubic  inches. — The  Dodor’s  theory  of  the  explo- 
fion  of  gun-powder  is  the  following ; “ Nitre,”  Ije,  yields, 
by  heat,  a furprizing  quantity  of  pure  dephlogifticated 
“ air  ; Charcoal  yields,  by  heat,  a confiderable  quantity  of 
“ inflammable  air.  The  fire,  employed  to  inflame  the  gun- 
“ powder,  extricates  thefe  two  airs,  nnd  fets  fire  to  them  at 
“ the  fame  inftant  of  their  extrication  fF 

A mixture  of  inflammable  and  dephlogifticated  air,  after 
combuftion,  is  much  reduced  in  fize  ; and  the  remaining 
elaftic  fluid  is  phlogifticated  air : fo  that,  according  to  Dr. 
Ingenhousz’s  theory,  the  elaftic  fluid  colle<fted  after  the 
combuftion  of  gun-powder  (fuppofing  that  a proper  mixture 
of  inflammable  and  dephlogifticated  air,  after  combuftion,  is 
reduced  to  half  the  original  bulk)  flrould  be  about  284  times 
the  bulk  of  the  powder ; which  comes  pretty  near  the  refult 
of  adlual  experiments ; but  this  elaftic  fluid  fhould  be  phlo- 
gifticated air ; which  does  not  agree  with  the  above-mentioned 
experiment  of  Dr.  Priestley,  by  which  k appears,  that 
the  faid  elaftic  fluid  is  rather  nitrous  air. — Notwithftanding 

* Phil.  Tranf.  vol.  Ixix.  p.  402. 
t Ibid.  p.  398. 
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the  great  light  lately  thrown  upon  this  fubjed,  it  muft  be 
confefTed,  that  the  nature  of  gun-powder  has  not  been  yet 
thoroughly  inveftigated. 

Fulminating  powder,  which  is  commonly  made  with  three 
parts  of  nitre,  two  of  fixed  alkali,  and  one  of  fulphur,  has 
been  alfo  imperfeftly  examined.  The  more  common  opinion 
concerning  its  explofion  is,  that  on  melting  the  powder,  which 
muft  neceflarily  precede  its  explofion,  an  hepar  fulphuris  is 
formed  by  the  alkali  and  the  fulphur  mixing  together  ; 
which  hepar  fulphuris  forms  a kind  of  fkin  or  bladder,  that 
confines  the  air,  extricated  from  the  nitre,  till  the  elafticity 
of  this  fluid  overcomes  the  confinement,  burfls  the  fkin,  and 
occafions  the  explofion.  But  I think, Dr.  Ingen- 
Housz,  “ that  the  nitre  contained  in  this  powder,  being 
‘‘  heated,  yields  its  dephlogifticated  air,,  when  the  melting 
“ fulphur  yields  inflammable  air  ; at  the  fame  time  the  ful- 
“ phur  conftitutes,  with  the  alkaline  fait,  an  hepar  fulphurisy 

which,  rifing  in  tough  bubbles,  confines  this  explofive  air 
“ generated.  At  length,  however,  the  increafing  heat,. 
‘‘  which  fet  fire  to  the  fulphur,  fets  this  explofive  air  on  fire 
“ alfo  5 which  then  following  its  own  nature,  explodes^ 
“ with  fo  much  the  more  force,  from  its  having  been  en- 
“ tangled  and  confined  within  the  bubbles  of  hepar  ful- 
“ phuris  *.’* 

My  reader  mufl;  perceive  that  thefe  lame  explanations  are 
far  from  being  convincing. 

5 Phil,  Tranf,  vol.  Ixix.  p.  404. 
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Fulminating  gold,  which  explodes  with  an  aftonifhing  vio- 
lence, and  makes  a very  fharp  report,  has  been  confidered  as  a 
fubftance  which  would  produce  a far  greater  effed  than  com- 
mon gun-powder,  if  it  were  cheap  enough  to  be  ufed  for  fire- 
arms ; but  repeated  experiments  have  (hewn,  that  when  ful- 
minating gold  is  confined  in  a barrel  of  a piftol,  in  a hollow 
iron-ball,  or  the  like,  its  efFeds  are  much  inferior  to  thofe  of 
gun-powder;  and  the  reafon  is,  becaufe  fulminating  gold  pro- 
duces an  incomparably  Icfs  quantity  of  elaftic  fluid  than  gun- 
powder does.  The  furprizing  efledls  produced  by  it,  when 
fulminating  in  the  open  air,  mufl  be  attributed  to  the  fudden 
generation  of,  and  not  to  the  great  quantity  of  elaftic  fluid 
produced.  Mr.  Bergman  fays,  that  the  elaftic  fluid,  gene- 
rated by  fulminating  gold,  is  fcarcely  equal  to  four  times  the 
bulk  of  the  fulminating  gold  He  alfo  fays,  that  half  a 
drachm  of  fulminating  gold,  fired  in  a clofe  veflel,  makes  a 
report  hardly  audible ; and  that  the  elaftic  fluid  it  generates 
extinguifhes  flame,  is  noxious  to  animals,  is  not  abforbed 
by  water,  nor  renders  lime  water  turbid  -f**' — Thefe  are  the 
characfteriftic  properties^  of  phlogifticated  air. 

Dr.  Black  thinks,  that  fulminating  gold  derives  the  pro- 
perty oi  fulminating  from  fome  gas,  which  it  received  from 
the  alkali  ufed  for  its  precipitation. 

As  to  the  fulmination  of  the  mercurial  precipitates,  men- 
tioned above,  Mr.  Bayen  thinks  it  to  happen  in  confequence 

* Opufcula,  vol.  ii.  p.  162. 

+ Ibid.  p.  144. 
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of  a commotion  excited  between  the  mercury  and  the  fuU 
' phur.  But  the  ingenious  author  of  the  treatife  on  gafeSy 
makes  the  following  remarks  upon  it : The  detonation,” 

fays  hcy  ‘‘  of  Mr,  Bayen’s  mercurial  precipitates,^  is  occafioned 
“ by  the  produdlion  of  an  elaftic  fluid  ; and  I think  that 
this  fluid  alfo  proceeds  from  the  converflon  of  fome  ad- 
hering  portion  of  the  acid,  in  which  the  mercury  had  been 
diflTolved,  into  the  ftate  of  gas  (together,  probably,  with 
fome  of  the  phlogifl:on  of  the  metal  or  fulphur)  by  means  of 
the  violent  heat  and  motion  excited  between  the  mercury 
and  the  fulphur  in  the  acfl  of  combination,  while  the  mer- 
cury  is  forced  from  its  union  with  the  adhering  acid^ 
For  it  appears,  both  from  Mr.  Bayen’s  experiments,.,  and 
from  the  analogy  of  other  precipitations,  that  fome  acid 
‘‘  always  adheres  to  the  precipitate ; and  probably,  alfoy 
‘‘"fome  of  the  alkaline  or  earthy  precipitant,” 
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CHAP.  III. 

Advantages  derived  from  the  fubjeSi  of  permanently 

elafic  Fluids, 

A*  I A H E improvements  that  the  fubjed  of  air  and  other 
B permanently  elaftic  fluids  has  received  within  thefe 
lafl  ten  years,  are  perhaps  of  more  advantage  to  mankind, 
and  refledl  more  honour  upon  the  philofophers  that  made 
them,  than  thofe  which  any  other  branch  of  natural  philofo- 
phy  ever  received  in  the  like  number  of  years.  The  ufe  of 
the  air  in  refpiration,  with  the  various  phenomena  concomi- 
tant on  that  great  and  effential  fundion  of  animal  bodies,  has 
employed,  for  ages,  the  beft  philofophical  geniufes  ;■  and 
their  various  hypothefes,  offered  in  explanation,  rather  in- 
volved it  in  obfcurity,  than  elucidated  its  real  caufe  ; but  it 
has  been  lately  explained  in  an  elegant  and  fatis^fadlory  man- 
ner by  Dr.  Priestley.  The  phenomena  attending  metallic 
calcinations  and  reductions,  have  likewife  received  confidera- 
bie  light ; and  we  may  venture  to  affert,  that  very  little  is 
wanting  in  order  to  underftand  them  fully.  The  method 
of  afcertaining  the  air’s  purity  and  fitnefs  for  refpiration  the 
difcovery  of  dephlogifticated  air  ; the  method  of  impreg- 
nating water  with  fixed  air  \ and  a great  many  other  dif- 
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coveries  relating  to  the  fame  fubjedt,  mufl:  be  certainly  allowed 
to  he  of  the  firft  rank,  and  of  great  confequence. 

Befides  the  immediate  ufe  to  which  thofe  capital  difcove- 
ries  may  be  applied,  they  throw  a great  light  upon  many 
branches  of  knowledge.  Without  mentioning  any  other,  it 
may  fuffice  to  obferve,  that  a great  many  perplexing  proceffes 
in  chemiftry  have  been  eafily  explained  fince  thofe  difcove- 
ries  have  been  made ; feveral  proceffes  have  been  thereby  fa- 
cilitated ; and  feveral  new  and  ufeful  ones  have  been  intro- 
duced. ^ 

Thofe  perfons  for  whom,  when  the  principles  arc  ftated,  it 
is  unneceffary  to  add  the  minute  detail  of  the  divers  purpofes 
they  may  ferve,  will  at  once  perceive  that  this  fubjedl  is  of  un- 
limited and  effential  ufe  ; but  for  others  it  may  be  juft  men- 
tioned, that  the  prefent  ftate  of  knowledge  relating  to  air, 
and  other  permanently  elaftic  fluids,  does  not  furnifh  only  a 
new  fet  of  experiments  for  a courfe  of  philofophical  lec- 
tures, but  furnifhes  matter  both  for  ufe  and  fpeculation  in  me- 
dicine, oeconomy,  civil  fociety,  mineralogy,  agriculture,  me- 
teorology, &c. — The  medicinal  properties  of  water,  impreg- 
nated with  fixed  air,  have  been  in  great  meafure  afcertained  ; 
and  fuch  is  ufed.  The  prefervation  of  flefh-meat,  by  means 
of  fixed  air,  is  of  fingular  advantage  for  the  community. 
The  method  of  afcertaining  the  purity  of  the  air  of  a place, 
and  the  manner  of  ventilating  an  apartment,  are  of  great  ufe 
for  thofe  who  are  to  build  a houfe  or  public  edifice  in  a new 
place.  In  fhort,  there  is  perhaps  no  ftation  of  life  for  which 
5 fome 
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fome  knowledge  of  this  fubjedt  is  of  no  ufe.  The  principal 
applications  of  the  known  properties  of  permanently  elaftic 
fluids'  have  been  defcribed  ; and  various  other  polTible  ufes 
have  been  fufHciently  hinted  in  the  preceding  pages ; fo 
that  I fhall  omit  expatiating  farther  upon  this  fubjecfl,  men- 
tioning only,  for  the  fake  of  thofe  who  are  obliged  to  work 
in  mines,  or  in  general  in  thofe  places  wherein  noxious  elaf- 
tic  fluids  are  often  met  wdth,  that  they  may  procure  fuffl- 
cient  means  of  fafety  at  a very  cheap  rate.  Something  to 
this  purpofe  has  been  mentioned  towards  the  beginning  of 
this  work ; but  I think  it  never  enough  recommended,  flnce 
it  appears,  that  for  want  of  this  fecurity,  feveral  mines,  and 
other  fubterranean  places,  are  left  unexplored  on  account  of  the 
noxious  fluids  exifting  in  them.  A bladder-full  of  common 
air  is  fuflicient  for  the  refpiration  of  a man  during  feveral  mi- 
nutes ; and,  if  filled  with  dephlogifticated  air,  it  will  ferve 
much  longer.  Now  it  is  a very  eafy  matter  to  keep  by  one  a 
bladder  filled  with  common  air,  at  leaf! ; which,  in  cale  any 
noxious  fluid  is  perceived,  by  the  difficulty  of  refpiration,  and 
other  figns,  may  be  applied  to  the  mouth;  and  thus  equipped, 
a man  may  have  time  enough  to  efcape  being  fuffbcated  T* 
By  the  fame  means,  a perfon  may  be  enabled  to  defcend  into 

•f  Miners  often  work  in  thofe  parts  of  the  mines  wherein  a candle  will  not 
burn  5 and  it  is  with  the  gfeateft  danger  of  lofing  their  lives  that  they  go, 
though  for  a few  minutes^  in  thofe  ftill  lower  places  of  the  mine,  in  which  the 
air  is  ftill  more  infedled,  by  the  greater  mixture  of  noxious  fluid. 
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thofe  wells,  and  other  places,  which  are  abfolutely  unexplored 
by  reafon  of  the  mephitic  air  they  contain. 

Bladders  to  be  ufed  for  this  purpofe  fhould  be  of  tlic 
largeft  fize,  and  fhould  have  a wooden  tube,  about  half  an 
inch  in  diameter,  and  three  or  four  inches  long,  faftened  to 
their  neck«.  This  tube  muft  be  held  in  the  mouth,  and  no 
breath  fhould  pafs  through  the  nofe  whilfl  the  air  of  the 
bladder  is  breathed.  If  a perfon  was  required  to  ftay  about 
half  an  hour,  or  longer,  in  the  noxious  fluid,  he  fhould  be 
provided  with  four  or  five,  or  more,  large  bladders  filled  with 
common  air,  and  flopped  with  a tight  cork ; and  when  he 
finds  that  the  air  of  one  is  contaminated,  he  mufl  leave 
that  and  take  another,  and  fo  on.  Thefe  bladders  fhould 
be  filled  with  a pair  of  bellows,  the  nozzle  of  which  muft 
be  adapted  to  their  wooden  tube : but  they  fliould  not  be 
filled  by  blowing  with  the  mouth  \ for  in  that  cale  the  air 
would  be  partly  vitiated. 
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CHAP.  IV. 

ConjeSlures  relating  to  the  theory  of  Fluids  permanently  elajlicy 
4ind  the  conjlitution  of  the  Atinofphere, 

TH  E changes  which  bodies  are  obferved  to  undergo, 
in  performing  experiments  on  elaftic  fluids,  when  duly 
confldered,  afford  matter  of  admiration,  and  of  the  pro- 
founded:  contemplation,  for  a philofophical  mind.  In  the  ex- 
amination of  this  fubje(5l,  we  fee  folid,  hard,  opaque  bodies  al- 
moft  entirely  reduced  into  a fubftance,  which  poflefles  quite 
the  contrary  properties,  viz.  a fluid  tranfparent,  inviflble, 
and  whofe  particles,  inftead  of  their  former  attra<ffion,  now 
repel  each  other,  and  the  utmofl:  mechanical  preffure  is  un- 
able to  form  them  again  into  a folid.  On  the  contrary,  we 
obferve  that  fluids  inviflble  and  elaftic  lofe  at  once  their 
aereal  form,  and  are  concentrated  by  the  con  tad:  of  water  or 
fome  other  fubftance  ; nay,  even  two  fluids,  which  by  them- 
felves  are  inviflble  and  elaftic,  when  mixed  together,  lofe 
their  elafticity,  and  form  a fait,  viz.  a body  both  viflble  and 
tangible.  So  ftriking  and  fo  numerous  phenomena  could  not 
efcape  being  examined  by  the  greateft  philofophical  geniufes, 
and  hypothefes  being  offered  for  their  explanation  ; but,  not- 
withftandinCT  the  innumerable  conjedures  offered,  and  the 
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apparent  plaufibility  of  feveral  of  them,  we  are  yet  far  from 
underftanding  this  fubjedl  thoroughly;  and,  when  one  is  al- 
inoft  acquiefcing  with  a theory,  a new  fadl  involves  him  again 
in  obfcurity. 

In  confequence  of  a fufpicion  of  Sir  Isaac  Newton  % 
many  ingenious  perfons  have  been  led  to  believe  that  matter 
is  endowed  with  an  attraSiive  and  a repuljive  power ; and 
that  there  is  a limit  where,  one  of  thefe  oppofite  qualities 
finifhing,  the  other  takes  place.  Thus  the  particles  of  a 
given  body  attract  each  other  within  a certain  diftance  ; but 
if  by  fome  means  they  are  feparatSd  afunder,  beyond  tlie 
fphere  of  their  attraction,  the  other  power  taking  place, 
they  then  repel  each  other.  Upon  this  principle  they  ima- 
gine, that  when  the  particles  of  a folid  body  are  feparated 
beyond  the  limits  of  their  attraction,  by  menftruums,  by  fire,, 
or  by  other  means,  they,  repelling  each  other,  aflume  the 
elaftic  form ; and  thus  the  air,  and  other  permanently  elafiic 
fluids,  are  formed. 

A fuperficial  oblerver  wilt  find  inflances  enough,  which 
apparently  confirm  this  principle ; but  when  the  real  faCts 
are  duly  examined,  and  when  we  refleCt  upon  the  known 
laws  of  nature,  it  feems  impofiible  to  allow  the  validity  of 
fuch  an  hypothefis.  If  it  be  allowed  that  a quantity  of 
matter  has  any  attraction  at  all,  (which  cannot  be  poflibly 
denied)  it  will  be  impofiible  to  conceive  how  this  power,  be- 
yond 


* Newton’s  Optics,  quer.  31.. 
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yond  a certain  diftance,  fhould  be  changed  into  a repulfion. 
Both  reafoning  and  experiments  fhew,  that  the  attradtive 
power  decreafes  in  proportion  to  the  diftances  ;■ — fuppofe 
that  this  decrement  is  not  only  as  the  fquares,  but  as  the 
cubes,  or  any  other  power  of  the  diftances ; in  ftiort,  that  it 
decreafes  ever  fo  faft ; the  only  confequence  that  can  be 
at  laft  drawn  from  fuch  a fuppofition  is,  that  at  a given  dif- 
tance  the  attradion  is  very  fmall,  or  much  fmaller  than  any 
given  degree  of  it ; but  it  is  impoftible  to  deduce  from 
thence  that  it  fhould  ever  vanifh ; much  lefs  that  it  fhould 
be  changed  into  a contrary  power,  viz.  fhould  become  re- 

It  may  be  urged,  that,  notwithftanding  the  impoftibility 
of  demonftrating  this  change  of  attradlion  into  repul- 
fion  by  mathematical  reafoning,  experiments  fhew  the  cer- 
tainty of  the  fadt ; for  we  adtually  fee  that  a hard  compacft 
body  affumes  the  elaftic  or  aereal  form,  when  its  particles 
are  feparated  beyond  a certain  diftance.  But  to  this  is  eafily 
anfwered,  that  the  particles  of  a body  do  not  loie  their  mu- 
tual attradlion,  and  become  repulfive  of  each  other,  becaufe 
they  are  removed  beyond  the  fphere  of  their  attradlion,  but 
becaufe  they  are  either  combined  with  or  feparated  from 
other  fubftances,  which  renders  them  repulfive  of  each  other, 
or  to  which  they  owe  their  apparent  mutual  attradlion  ; and 
I may  venture  to  fay,  that  there  is  not  one  inftance  of  a body 
being  reduced  from  a folid  or  attradlive  into  an  aereal  or 
elaftic  ftate,  without  being  either  deprived  of  or  combined 
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with  other  fubftances : thus  water  is  raifed  into  vapour,  when 
the  particles  of  heat,  being  interpofed  between  the  particles 
of  the  water,  keep  them  feparate  : in  fadt,  on  the  removal 
of  heat,  the  vapour  becomes  water  again.  Marine  acid,  when 
heated,  produces  an  elaftic  fluid,  beeaufe  the  adlion  of  heat 
feparates  its  acid  particles,  which  are  originally  repulflve  of 
each  other,  from  the  water  which  attraded  them  : in  fad, 
when  water  is  admitted  to  marine  acid  air,  the  particles  of 
the  latter  lofe  their  aereal  form,  not  beeaufe  they  are  brought 
within  their  fphere  of  attradion,  but  beeaufe  the  water  at- 
trads  them  more  forcibly  than  they  repel  each  other.  In  the 
like  manner  may  the  other  phenomena  be  generally  explain^ 
ed  ; for  which  purpofe  the  following  principles  are  necef- 
fary  to  be  dated,  viz.  that  the  particles  of  fome  bodies  in 
nature  are  repulflve  of  each  other,,  viz.  are  elaftic,  like  air, 
heat,  the  eledric  fluid,  &c.;  but  others  are  attradive  of  each 
other,  as  the  particles  of  metals,  of  earth,  &c.;  and  that  nei- 
ther the  former  lofe  their  repulflon,  nor  the  latter  their  at- 
tradion, except  when  combined  with  thofe  bodies  which 
have  an  attradion  towards  them,  fuflicient  to  overcome  the 
natural  attradive  or  repulflve  power  exifting  between  their 
own  particles. 

Our  prefent  imperfed  knowledge  of  natural  bodies,  does 
not  admit  a proper  determination  of  the  number  of  thofe 
bodies  which  are  originally  elaftic,  and^ thofe  which  are  at- 
tradive  of  their  own  particles  ; but  it  is  the  opinion  of  many 
. able  philofophers,  that  acid,  or  at  leaft  the  acid  principle, 

the 
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the  alkaline  principle,  air,  phlogifton,  light,  the  eledlric 
fluid,  8cc.  are  of  the  former  fort ; and  that  earth  and  water 
are  of  the  latter.  Thofe  various  fubftances  have  different 
attractions  towards  each  other ; and  it  is  in  confequence  of 
thofe  attractions,  that,  when  brought  together,  the  natural 
attractive  or  repulfive  power  of  their  own  particles  is  dimi- 
nidied,  changed',  or  fuppreffed. 

Elaftic  fluids  have  been  confidered  as  the  bonds  of 
union,  or  the  cementing  principle  o-f  the  particles  of  other 
matter ; lince  it  has  been  often  obferved,  that  hard  folid 
bodies  are  become  loofe  and  friable  by  the  elaftic  fluid  they 
contained  being  extracted  from  them  and,  on  the  con- 
trary, other  very  loofe  bodies  acquire  conflftency  by  abforb- 
ing  fome  elaftic  fluid  : but  upon  this  ground  many  bodies, 
not  only  elaftic,  but  fluids  or  folids,-  may  be  called  the  ce- 
menting principle  of  all  thofe  bodies  to  which  they  have  an 
affinity,  and  with  which  they  form  a compaCt  body.  The 
permanently  elaftic  fluids  hitherto  difeovered,  and  of  which 
a pretty  diftinCt  notion  has  been  acquired,  are  principally 
I.  common  air;  2.  dephlogifticated  air;  3.  fixed  air;  4.  in- 
flammable air  ; 5.  nitrous  air ; 6.  marine  acid  air ; 7.  vitriolic 
acid  air  ; 8.  nitrous  acid  air ; and  9.  alkaline  air.  That  thefe 
elaftic  fluids  are  not  all  compofed  of  the  fame  principles,  has 
been  fufficiently  afeeftained  ; but  at  the  fame  time  it  feems 
very  probable,  that  one,  or  perhaps  more  principles,  enter 

* The  diminifhed  cohefion  of  the  particles  of  thofe  bodies  muft  alfo  be  iq 
great  meafure  attributed  to  the  adlion  of  the  acids,  or  of  the  heat,  that  has  been 
employed  to  expel  the  elaftic  fluids  from  them. 
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into  the  compofition  of  many  forts  of  elaftic  fluid.  Thus,  ex- 
cepting the  alkaline  air,  the  other  elaftic  fluids  feem  all  to  con- 
tain a greater  or  lefs  quantity  of  acid  in  their  compofltion. 
Indeed,  no  acid  has  been  obtained  from  any  decompofltion  of 
inflammable  air  ; but  the  converfion  of  marine  acid  air  into  an 
inflammable  elaftic  fluid,  fuggefts  the  poflibiiity  of  fome  acid 
being  contained  in  inflammable  air,  though  perhaps  too 
intimately  combined  with  the  other  components  of  that  elaf- 
tic fluid  ; fo  that  we  cannot  detach  it  by  any  known  means. 
— The  production  of  inflammable  air  by  means  of  alkalies, 
or  from  metals  by  means  of  heat,  oflers  a great  objection  to 
this  fuppofltion  ; but,  as  there  are  various  forts  of  inflam- 
mable air,  it  may  be  that  fome  of  them  may  at  leaft  exift 
without  the  neceflity  of  containing  any  acid.  As  to  de- 
phlogifticated  air,  an  acid  feems  to  enter  into  its  compofl- 
tion, flnce  nitre  is  found  to  have  loft  all  its  acid  part  by  the 
dephlogifticated  air  being  extracted  from  it ; and,  from  ana.- 
logy,  common  air  may  have  an  acid  alfo  for  one  of  its  con- 
ftituent  principles,  flnce  common  air  has  been  confldered  to 
have  been  originally  dephlogifticated  air,  or  to  be  depraved 
dephlogifticated  air,  to  which  a conflderable  quantity  of 
phlogifton  has  been  afterwards  added.  The  formation  of 
nitre,  for  which  the  contaCl  of  air  feems  to  be  necefl'ary, 
contributes  to  confirm  the  fuppofltion  of  the  exiftence  of  an 
acid  in  refpirable  air.  Mr.  Lavoisier  fufpeCts  not  that  the 
nitrous  acid  is  a conftituent  principle  of  air ; but  that,  on 
the  contrary,  pure  refpirable  air  is  a conftituent  part  of  ni- 
c trous 
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trous  acid.  Thefe  confiderations  gradually  lead  us  to  farther 
and  farther  contemplations;  and,  if  Mr.  Lavoisier’s  con- 
jecture is  true,  we  may  fufpeCt  that  refpirable  air  is  a confti- 
tuent  principle  of  the  other  acids  alfo.  But  hitherto  no  other 
acid  has  been  indifputably  converted  into  refpirable  air 

The  inflammable  principle,  though  in  various  quantities, 
feems  to  enter  into  the  compofition  of  every  elaftic  fluid. 
The  other  conftituent  principles  of  thofe  fluids  are  evidently 
lefs  general;  fuch  are  the  acid  principle,  earth,  alkali.  See. 
But  as  the  conjectures  relating  to  the  quantities  and  modifl- 
cations  of  thofe  principles,  when  compoflng  elaftic  fluids, 
have  been  fufflciently  examined  in  the  preceding  Part,  I fliall 
omit  to  make  any  farther  mention  of  them 

Befldes  thofe  principles,  the  exiftence  of  which  in  perma- 
nently elaftic  fluids  has  been  fufliciently  proved,  it  is  highly- 

* The  following  experiment,  related  by  Mr.  Macquer,  fliews  a great  approx- 
imation to  it.  “ I introduced,” he,  “a  lighted  taper  into  a receiver  filled 
“ with  vapours  of  highly-concentrated  marine  acid,  through  a tubulated  aper- 
**  ture.  The  flame  of  this  taper,  which  was  before  contracted,  white,  and 
“ almofl:  without  fraoke,  now  became  long,  pointed,  yellow,  and  fmoking,  like 
“ the  flame  of  burning  turpentine.  But  the  moft  remarkable  circumflance. 
“ was,  that  the  flame  fubfifted  a.  much  longer  time^.xhzn  when  the  taper  was  in- 
“ troduced  into  the  fame  receiver  filled  with  pure  air.*’ 

•f*  It  has  been  fufpeCted,  that  all  the  permanetrtly  elaftic  fluids  are  nothing 
more  than  common  air  overcharged  with  different  fubftances,  which  render  it 
fo  different  from  what  it  was  before ; and  the  refiduum  left  by  many  elaftic 
fluids,  after  being  agitated  in  water,  feems^  to  countenance  the  fufpicion : but. 
the  fmallnefs  of  that  very  refiduum,  which  in  fome  cafes  is  next  to  nothing,, 
and  various  other  confiderations,  render  it  very  little,  if  at  all,  probable. 

probable 
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probable  that  many  other  fubrianees  enter  into  their  compo- 
fition  ; as  the  eledric  fluid,  the  matter  of  light,  and  others 
of  which  we  have  no  diftin<fl  notion.  Their  prelence  may 
be  even  neceflary  for  their  exiftence  ; and  perhaps  feveral 
hitherto  unexplained  properties  of  thofe  fluids  may  depend 
upon  them. 

The  real  conftitution  of  the  atmofphere,  notwilhftanding 
the  innumerable  experiments  hitherto  made,  and  the  ad- 
vanced flate  of  the  fubjed,  is  yet  a matter  much  contro- 
verted, and  far  from  being  thoroughly  underftood.  The 
principal  queftion  concerning  it  is,  whether  the  atmofpheri- 
cal  elaftic  fluid  conflfts  of  one  elaftic  fluid,  which  by  various 
procefles  may  be  altered  ; or  is  it  a mixture  of  many  perma- 
nently elaftic  fluids,  as  of  fixed  air,  phlogifticated,  and  de- 
phlogifticated  air  ? Upon  the  whole,  the  experiments  and 
obfervations  which  relate  to  it,  feem  to  afford  no  proper  de- 
cifion  of  this  queftion.  If  we  confider  that  fixed,  inflam- 
mable, and  phlogifticated  air,  are  continually  produced  from 
innumerable  procefles,  both  natural  and  artificial,  and  that 
thofe  fluids  are  unavoidably  mixed  with  the  common  air,  it 
feems  that  a mixture  of  thofe  fluids  fliould  exift  in  the  atmo- 
fphere ; but,  as  the  air  is  at  the  fame  time  expofed  to  various 
purifying  influences,  (as  the  agitation  of  water  -in  it,  by 
winds  and  other  means,  the  vegetation  of  plants,  and  pro- 
bably many  other  unknown  ones)  the  fixed  air,  and  other 
elaftic  fluids,  in  it  are  moft  likely  feparated  from  it ; and  the 
air,  upon  the  whole,  may  be  fuppofed  to  remain  pretty 

nearly 


relating  to  Fluids  ferfnanently  elajlic*  809 

nearly  of  the  fame  quality.  At  fome  particular  feafons, 
when  the  production  of  the  impure  fluids  exceeds  the  aClion 
of  the  purifying  means,  the  air  may  be  over-charged  with 
thofe  fluids ; or,  in  the  contrary  cafe,  it  may  be  more  than 
ufually  pure ; but  in  a fhort  time  the  equilibrium  may  be 
reftored. 

Mr.  Lavoisier  imagines,  that  in  the  atmofpheric  fluid 
there  is  not  above  one  quarter  of  pure  air ; and  that  the  reft 
is  noxious  fluid.  But  is  this  pure  air  chemically  combined, 
or  only  intermixed  with  the  noxious  fluid  ? — Since  the  mix- 
ture of  phlogifticated  and  dephlogifticated  air,  or  of  fixed 
and  dephlogifticated  air,  is  not  attended  with  any  fenfible 
heat  or  diminution  of  bulk,  which  are  the  concomitant  and 
charaCteriftic  phenomena  of  chemical  combination  ; it  feems 
more  probable,  that  the  pure  and  impure  parts  of  the  atmo- 
fphere  are  only  intermixed  together  ; and  their  feparation, 
which  would  arife  from  their  different  fpecific  gravities,  is 
prevented  by  the  continual  agitation  of  the  atmofphere.  But 
how  happens  it  then  that  this  feparation  does  not  take  place 
when  a quantity  of  air  is  confined  in  a place  without  agita- 
tion.?— Boiled  water,  expofed  to  the  atmofphere,  feparates 
pure  air  from  it ; quick-lime,  by  the  like  expofure,  acquires 
fixed  air,  &c.  But  are  thofe  elaftic  fluids  Amply  filtrated 
from  the  atmofpherical  air,  or  feparated  from  it  by  a chemi- 
cal decompofition,  or  are  they  compofed  from  a mixture  of 
the  atmofpherical  air  with  fomething  elfe  exifting  in  thofe 
bodies  that  are  expofed  to  -it  ? — My  reader  muff  perceive, 
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that  thefe  intricate  queftions  are  not  eaiily  anfwerable.  In  the: 
preceding  Part  of  this  work,  efpecially  in  the  chapters  om 
common  and  dephlogifticated  air,  many  obfervations  have 
been  mentioned,  which  throw  great  light  upon  this  fubjed 
but  ftili  many  other  experiments  muft  be  made,  in  order  tor 
afeertain  the  various  fads  upon  which  the  general  theory  of 
the  atmofphere,  and  of  all  the  other  permanently  elaftic- 
fluids,  mud  be  eftablilhed* 


E X P E R r M ENTS  made  by  the  A U T H O R;. 

e H A P.  y.. 

Experiments  on  Gun-powden 

/ 

IN  order  to  colled  the  elaftic  fluid,  produced  by  gun- 
powder in  its  exploflon,  I contrived  the  following  appa- 
ratus : — To  a large  bladder  I tiedi  a brafs  tube,  about  half 
an  inch  in  diameter,  and  four  inches  long.  The  bladder 
was  wet  on  the  outfide  only,  in- order  to  render  it  pliable..  I 
then  pounded  fome  gun-powder,  fuch  as  is  commonly- ufbd 
for  military  mufquets,  and,  putting  as  much  water  to  it  as 

was 
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was  fufficient  to  make  it  into  a ftiff  pafte,  I formed  a fmall 
cone  or  pyramid  of  it,  and  placing  it  upon  a round  piece  of 
brafs,  the  diameter  of  which  was  fmalier  than  the  diameter 
of  the  brafs  tube  mentioned  above,  left  it  to  dry  : when 
this  fmall  pyramid  of  gun-powder  was  dry,  I placed  it  upon 
a doubled  piece  of  leather  ; then,  prefling,  as  well  as  I could, 
all  the  air  out  of  the  bladder,  and  holding  the  brafs  tube  per- 
pendicularly, and  ready  to  be  fixed  upon  the  cone  of  powder, 
I fet  fire  to  the  latter,  and  immediately  clapped  the  brafs  tube 
upon  it,  prefiing  the  tube  pretty  hard  upon  the  leather.  By 
this  means  great  part  of  the  cone  of  gun-powder  burned 
within  the  brafs  tube  j and  the  elaftic  fluid,  produced  by  it, 
entered  the  bladder.  Now,  as  foon  as  the  combuflion  of 
the  powder  was  over,  which  did  not  take  up  more  than  two 
or  three  feconds,  I prefled  the  neck  of  the  bladder,  in  order 
to  hinder  the  elaflic  fluid  contained  in  it,  both  from  efcaping, 
and  alfo  from  coming  into  contact  with  the  coaly  refiduum 
of  the  gun- powder  ; and  plunged  the  brafs  tube  in  water,  be- 
caufe  this  tube  was  become  Co  hot  that  I could  not  hold  it  any 
longer.  This  done,  I transferred  the  generated  elaflic  fluid  from 
the  bladder  into  a glafs  receiver  filled  with  and  inverted  in 
water,  in  order  to  examine  its  nature.  Now,  with  this  elaflic 
fluid,  which  was  about  1 2 or  14  cubic  inches,  there  could  not 
be  mixed  above  two  inches  of  common  air,  viz.  that  contained 
in  the  brafs  tube ; and  which  common  air  was,  no  doubt, 
partly  expelled,  and  partly  phlogiflicated  by  the  gun-powder, 
which  was  adnally  burning  when  the  brafs  tube  was  put 
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upon  it : fb  that  the  elaftic  fluid  thus  obtained  from  gun- 
powder, may  be  confidered  as  very  little,  if  at  all,  altered  by 
the  mixture  of  common  air.  — I ' then  proceeded  to  ex- 
amine it. 

When  firfl:  transferred  into  the  glafs  receiver,  this  elaftic 
fluid  had  a whitifli  and  turbid  appearance ; but  it  became 
clear  in  a few  minutes  time;  Lime-water  being  admitted 
to  fome  of  it,  became  turbid,  and  a precipitation  of  the  lime 
took  place,  which  indicated  the  prefence  of  fixed  air ; and', 
in  order  to  obferve  the  quantity  of  this  fluid  in*  it,  I intro- 
duced two  meafures  of  it  into  a glafs  tube,  and  agitated  it  in 
water.  In  about  two  minutes  time,  about  half  a meafure 

a 

dilappeared ; which  fhcwed,  that  one  fourth  part  of  the 
elaftic  fluid  produced  by  gun-powder  is  fixed  air.  After 
having  feparated,  by  agitation  in  water,  all  the  fixed  air  con- 
tained in  fome  of  the  elaftic  fluid  obtained  from  gun-powder,^ 
I examined  the  remainder,  and  found  tliat  it  extinguiflied 
flame ; it  was  not  abforbed  by  water  ; nor  fenfibly  diminilhed 
by  nitrous  air ; it  was  therefore  phlogifticated  air.  From  all 
which  it  appears,  that  the  elaftic  fluid,  extricated  from  gun- 
powder, confifts  of  three  parts  phlogifticated  air,  and  at  leaft 
one  part  fixed  air : I fay  at  leaft  one  part  of  fixed  air,  be- 
caufe  fome  of  the  fixed  air  contained  in  it,  and  which  was 
not  taken  into  account,  mu  ft  have  been  abforbed*  by  the  water 
of  the  tub,  on  its  being  firft  transferred  from  the  bladder  to 
the  glafs  receiver,  and  alfo  by  its  ftanding  in  it.  That  the 
elaftic  fluid  of  gun-powdei  has  nothing  of  ^e  nitrous^  ap- 
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peared  from  its  not  diminifhing  common  air,  nor  having  the 
kaft  fmell  of  nitrous  acid.  Indeed  it  has  very  little  hnell,  if 
any  at  all,  and  that  feems  to  be  rather  fulphurous. 

Thefe  experiments  w^ere  repeated  v^^ith  the  fame  fort  of 
gun-powder,  and  once  more  with  another  fort  of  powder 
but  the  refults  were  like  the  former.  Dr.  Priestley,  find- 
ing that  the  elaflic  fluid  produced  by  a mixture  of  equal 
parts  of  fulphur  and  nitre,  was  nitrous  air,  is  led  to  conjec- 
ture that  the  elaflic  fluid  produced  by  gun-powder  is  alfo 
of  the  fame  nature;  but  the  above-mentioned  experiments 
fhew  the  contrary.  However,  willing  to  afcertain  myfelf,, 
that  no  miflake  had  happened  in  my  experiments,  and  alfo 
deflrous  to  know  by  what  mixture  of  the  ingredients  of 
gun-powder,  fixed  air,  or  nitrous  air,  was  produced,  I re- 
peated Dr.  Priestley’s  experiment,  viz.  put  a mixture  of 
equal  parts  of  nitre,  and  flowers  of  fulphur,  into  a glafs 
tube,  which  was  clofod  at  one  end  ; and  to  its  other  end  L 
tied  a bladder,  out  of  whkh  the  air  had  been  carefully  pref- 
fed ; then,  heating  the  tube  fo  as  to  melt  the  contents,, a 
quantity  of  elaflic  fluid  was  produced,  which  entered  ther 
bladder  ; and  being  tried,  was  found  to  be  nitrous  air ; and 
being  mixed  with  common  air,  it  gave  I,  I.  1.  5.  After 
this,  I made  feveral  mixtures  of  nitre  and  charcoal,  in  various 
proportions,  and,  putting  them  one  by  one  into  a fmall  piece 
of  brafs  tube,  treated  them  in  the  very  fame  manner  as  I had 
done  the  cone  of  gun-powder,  as  above  related,  viz,  fet  fire  to 
them,  and  immediately  put  the  brafs  tube,  with  the  bladder 
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upon  tit,  in  order  to  catch  the  produced  elaftic  fluid.  The 
compofition  of  five  parts  of  nitre,  and  one  of  charcoal,  pro- 
duced the  fame  fort  of  elaflic  fluid  as  gun-powder,  viz.  a 
mixture  of  phlogifticated  and  fixed  air ; but  it  feemed  that 
the  quantity  of  fixed  air  in  it  was  rather  lels  than  a quarter 
of  the  whole.  The  other  compofitions,  with  different  pro- 
portions of  nitre  and  charcoal,  gave  nearly  tlie  fame  refu Its, 
only  the  quantity  of  fixed  air  was  more  in  fome  than  in 
tOthers.  * 

We  fee  from  this,  that  nitre,  with  fiilphur,  will  yield  ni- 
trous air  ; and  a mixture  of  phlogifticated  and  fixed  air 
when  deflagrated  with  charcoal.  That  nitre,  which  con- 
tains dephlogifticated  air,  fhould  produce  phlogifticated 
air  when  deflagrated  with  charcoal,  ''is  natural  enough, 
fince  the  charcoal  gives  the  phlogifton,  which  phlogifticates 
the  pure  air  extricated  from  the  nitre  ; but  it  feems  very  ex- 
traordinary that  it  fhould  not  give  alfo  phlogifticated  air 
when  deflagrated  with  fulphur,  which  fubftance  does  alfo 
contain  phlogifton.  The  only  ingredient  which  can  occa- 
fion  that  difference,  feems  to  be  the  vitriolic  acid  of  the  ful- 
phur. Perhaps  the  fulphur,  being  in  part  decompofed,  its 
vitriolic  acid  aefts  upon  the  ' nitre,  and  diflodges  the  nitrous 
acid  from  it ; which  acid,  joining  itfelf  to  the  phlogifton  of 
the  fulphur,  forms  the  nitrous  air. 

The  fixed  air,  produced  by  gun-powder,  feems  not  to  be 
entirely  produced  by  the  charcoal ; becaufe  a quantity  of 
charcoal,  equal  to  that  which  enters  into  the  compofition 
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of  a quantity  of  gun-powder,  when  by  itfelf,  does  not  yield, 
by  any  known  means,  as  much  fixed  air  as  is  produced  by 
the  gun-powder  into  the,  compofition  of  which  that  quan- 
tity of  charcoal  entered-  I made  a compofition  of  three 
parts^  of  nitre,  one  of  fulphur,  and  one  of  an  impalpable 
powder  of  copper  f- ; which,  in  fad-,  was  gun-powder,  faving 
only  that  the  powder  of  copper  performed  the  office  of  char- 
coal in  it.  This  compofition  being  treated  in  the  fame 
manner  as  thofe  mentioned  above,  was  found  to  produce, 
when  inflamed,  about  as  much  elaftic  fluid  as  common  gun- 
powder; This^’elaftic  fluid  confified  of  fixed  and  pblogifti^^ 
Gated  air  ; though  of' the  former  there  was  not  above  one- 
tenth  part,  which  is  a quantity  confiderably  fmaller  than  that 
found  in  the  elaftic 'fluid  produced  by  comrnOn  gun-powder.- 

» • f . r 
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t'  This  impalpable-  powder  of  copper,. by  the  cont^  of  an  ignited  body,, 
takes  fire,  and.  burns  like  tinder  in  the  open  air. 
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CHAP.  VI.: 

‘Experiments  and  Obfervations  relating  to  Injlammable 

and  'Fixed  Air*  ' j'  * - 

\ 

i I ! 
c . 

IN  the  fecond  Part  of  this  work,  we  defcribed  Dr.  Ingen- 
Housz’s  piftol  for  inflammable  air,  or,  morcr  prpperly, 
for  to  fire  a mixture  of  inflammable  and  refpirftble  air  in  any 
required  proportion.  In  the  -common  inflammable  air-pif- 
tol's,  the  inflammable  air  is  introduced  by  putting  the  mouth 
of  the  piftol/ upon  the'inouth  of  a bottlis  containing  the 
inflammable  air ; by  which  means  fome  of  the  inflammable 
air  afcends  into  the  piftol,  and  mixes  with  the  common  air 
contained  in  it.  In  this  cafe  if  is  impofftble  to  know  the 
proportion  of  the  inflammable  to  the  common  air  contained 
in  the  piftol.  If  this  piftol  was  firft  filled  with  water,  a 
mixture  of  inflammable  and  common  air,  or  inflammable 
and  dephlogifticated  air,  in  any  given  proportion,  might 
eafily  be  introduced  in  it,  in  the  fame  manner  as  an  elaftic 
fluid  is  transferred  from  one  veflel  into  another  in  water ; 
but  it  has  been  commonly  believed,  that  when  the  infide  of 
the  piftol  had  been  wet  with  water,  it  was  impoflible  to 
fend  the  eleflric  fpark  through  it  in  order  to  fire  the  in- 
flammable air.  For  this  reafon,  Dr.  Ingenhousz,  and 

lately, 
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lately,  in  a different  way,  Mr.  Nairne,  have  contrived  piftols 
into  which  the  given  mixture  of  inflammable  and  refpirable 
air  might  be  introduced,  without  the  necefllty  of  firft  filling 
the  piftol  with  water.  The  complicated  conftrudion  of 
thofe  piftols,  the  multiplicity  of  apparatus  belonging  to 
them,  and  their  being  eafily  put  out  of  order,  have  hindered 
feveral  perfons  from  repeating  the  experiments  relating  to 
the  inflammability  of  inflammable  air,  when  mixed  with  dif- 
ferent proportions  of  refpirable  air  : but  the  following  ob- 
fervation  will  render  this  pratftice  very  eafy. 

I have,  ere  long,  obferved,  and  have  mentioned  it  to  fcve- 
ral  perfons,  that  the  common  inflammable  air-piftols  may  be 
firft:  filled  with  water,  in  order  to  fill  them  with  the  required 
mixture  of  inflammable  and  refpirable  air,  which  may  after- 
wards be  fired  by  means  of  elecftricity ; only  itl  this  cale  the 
difcharge  of  a fmall  ele<ftric  jar  fhould  be  ufed  inftead  of  the 
fmall  fpark  of  an  eleSirophorus,  or  of  a fmall  prime  conduSior^ 
as  is  commonly  pradifed.  The  little  moifture  which  remains 
upon  the  fealing-waxed-picce  within  the  piftol,  will  condu<ft 
the  fmall  quantity  of  eledlricity  that  is  communicated  by  a fmall 
fpark,  and  will  confequently  prevent  a fpark  to  happen  within 
the  piftol ; but  it  is  far  from  being  fufficient  to  condud 
the  difcharge  of  a jar  all  at  once.  Indeed,  thefe  common 
piftols  are  often  made  with  a very  fmall  fealing-waxed-part 
within,  which,  efpecially  when  covered  with  a little  moifture, 
will  often  condud  the  difcharge  of  a fmall  jar ; and  they 
are  often,  alfo,  too  weak  to  fuftain  the  explofion  of  a 
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mixture  of  inflammable  and  dephlogiflicated  air : for  which 
reafons  I have  made  one  in  the  following  manner,  which  is 
very  eafily  conftruded,  though  not  elTentially  different  from 
the  common  ones. 

It  conflfls  of  a brafs  tube,  about  one  inch  in  diameter, 
and  flx  inches  long  ; to  one  extremity  of  which  a perfo- 
rated piece  of  wood,  about  one  inch  and  a half  long,  is  ce- 
mented, and  fecured  alfo  with  two  fhort  pins,  which  pafs 
through  the  brals.  A brafs  wire,  about  four  inches  long,  is  . 
covered,  except  its  ends,  firfl;  with  fealing-wax,  then  with, 
fllk,  and  afterwards  with  fealing-wax  again.  This  wire  is 
cemented  into  the  perforation  of  the  piece  of  wood,  fo  as  to* 
projedl  about  two  inches  within  the  tube,  and  the  reft  on  the 
outflde  of  it  ; and  its  extremity,  within  the  tube,  is  bent  fo 
as  to  come  within  about  one  tenth  of  an  inch  of  the  flde 
of  the  brafs  tube. — When  I want  to  ufe  this  piftol,  I fill  it> 
with  water,  and  invert  it  in  a tub  or  bafon  of  water ; then 
make  the  required  mixture  of  inflammable  and  refpirable  air 
in  another  veffel,  by  putting  into  it  a proper  number  of 
meafures  of  the  former,  and  a proportionate  number  of  mea- 
fures  of  the  latter  ; then  I introduce  this  mixture  into  the 
piftol,  and  flop  it  either  with  a cork  or  with  a leaden  bullet 
wrapped  in  cotton.  This  done,  I take  the  piftol  out  of  the 
waterj  wiping  the  outflde  of  it and,  in  order  to  difcharge 
it,  give,  it  a fpark'with  a charged  eledtrical  jar,  after  the 
ufual.-mannei*,  which  will  cffedually  fire  the  inflammable 
air,  8cc,  ^ . . 
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. T1i€  mixture  of  inflammable  and  refpirable  air  might  be 
made  immediatelj.iii^to ’the  piftol ; but  for  that  purpofe  it  is 
necefi'ary  to  have  a.fmali  meafuring  phial,  &c. 

In  a courfe  of  experiments,  which  I made  fome  time  ago  with 
a view  to  another  fubjedl  of  philofophy,  I had  frequent  occa- 
flon  to  obferve,  that  a mixture  of  inflammable  and  common  air, 
qften  loft  its  inflammability;  fometimes  it  was  weakened  ; 
and  more  than  once,  having  examined  this  mixture  when  it 
had  loft  its  inflammability,  I found  it  changed  into  mere  phlo- 
gifticated  air.  I am  far  from  underftanding  the  caufe  of 
this  remarkable  and  inconftant  change;  yet  it  may  be  not 
improper , to  recite  the  particulars  relating  to  it,  flnce  others 
(iiay  have  met  with  the  like  phenomena  ; and  probably,  by  a 
comparifon  of  obfervations  and  circumftances,  the  real  caufe 
may  be  afcertained.  . _ 

I generally  took  common  two-ounce  phials,  at  the  bot- 
tom of  which  I made  a fmall  hole,  and  cemented  a wire 
into  it,  vyhich  might  projedl  about  one  inch  within  the  bot- 
tle; then  I filled  the  bottle  with  mercury,  and  afterwards 
dilplaced  the  mercury  by  a mixture  of  inflammable  and 
common  air  in  various  proportions ; though  in  general  the 
mixture  con  lifted  of  tw'o  thirds  common  air,  and  one  third 
inflammable  air.  This  done,  the  phial  was  flopped  with  a 
very  tight  cork,  through  which  a wire  pafTcd,  which,  pro- 
jeding  within  the  phial,  came  very  near  the  extremity  of 
the  other  wire  that  pafTed  through  the  bottom  of  the  phial. 
In  this  manner  I ufed  to  fill  many  phials ; and,  after  keeping 
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them  various  lengths  of  time,  I fired  them,  by  direding  air 
cledric  fpark  from  the  wire  cemented  to  the  bottom,  to  that 
cemented  into  the  cork  j which  occafioned  the  explofion,  and 
drove  the  cork  with  violence  out  of  the  phiaK  The  re-^ 
markable  particular  is,  that  fometimes  no  explofion  happened'^ 
•ven  when  the  difeharge  of  a pretty  large  Jar  was  fent 
through  fbme  of  thefe  bottles ; and  when  afterwards  they 
were  opened,  and  the  flame  of  a candle  was  prefented  to  their 
mouths,  the  elaftic  fluid  in  them  generally  took  fire,  and 
burned  like  a mixture  of  very  little  inflammablie  air,  and  a 
great  deal  of  common  air ; but  fometimes  it  did  not  take 
fire  at  all ; and,  by  every  trial,  it  appeared  to  be  phlbgiflicated 
air.  This  change  fometimes  took  place  in  lefs  than  twenty- 
four  hours  ; fometimes  not  before  three  or  four  days ; but 
fome  of  thofe  bottles,  filled  with  a mixture  of  inflammable 
and  common  air,  after  being  kept  above  a week,  did  explode 
as  well  as  others  that  had  been  Juft  made.  In  the  preparation 
of  thofe  bottles,  I took  all  the  pofTible  precaution  to  flop 
them  accurately ; and  fome  of  them  were  even  kept  under 
water,  from  the  time  they  were  prepared',  till  they  were  fired  r 
but  I muft  acknowledge,  that  I could  never  underftand  the 
caufe  of  this  remarkable  tranfmutation  of  inflammable  air, 
any  more  than  conjedtures  unfupported  by  decifive  experi- 
ments. 

In  refpedl  to  fixed  air,  I have  nothing  more  to  fuggeft  to 
my  reader,  befides  an  eafy  method  of  impregnating  water 
with  it,  in  cafe  that  Dr.  Noot»* s glafs  apparatus  could  not 
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be  procured,  or  not  conveniently  managed,  as  is  the  cafe  on 
board  of  veflels. 

The  apparatus  for  this  purpofe,  confifts  of  two  or  three 
common  quart  bottles,  and  two  bladders.  Each  of  the 
bladders  muft  have  a fmall  wooden  tube,  about  four  inches 
long,  and  a quarter  of  an  inch  in  diameter,  faftened  to  its 
neck  ; and  the  bottles  muft  be  furniftied  each,  with  a per- 
forated cork.  Into  one  of  thefe  bottles  the  materials  for  the 
prod u(ft ion  of  fixed  air  muft  be  put,  viz.  chalk,  or  powder 
of  marble,  and  the  diluted  oil  of  vitriol’,  fo  as  to  fill  about 
half  the  bottle ; then  the  perforated  cork  is  put  upon  it, 
and  immediately  one  of  the  bladders  is  fixed'  upon  the  bot- 
tle, viz.  by  thrufting  its  wooden  tube  into  the  perforation  of 
the  cork.— -Care  muft  be  taken  to  comprefs  the  bladder,  in 
order  to  exclude  the  common  air  from  it,  before  it  be  adapted 
to  the  bottle.  The  generated  fixed  air  will  now  enter  the 
bladder,  fwelling  it  j and  when  the  bladder  is  almoft  en- 
tirely diftended,  it  muft  Be  removed,  and  muft  be  fixed  upon 
one  of  the  other  Bottles,,  which  is  previoufly  filled,  though 
not  entirely,  with  the  water  that  is-  required  to  be  impreg- 
nated with  fixed  air  j then,  prelTing  the  bladder  with  one 
hand,  and  with  the  other  fhaking,  the  bottle,  the  water  con- 
tained in  it  will  be  fpeedily  impregnated  with  fixed  air,  which, 
both  on  account  of  its  fpecific  gravity,  and  of  the  prefllire 
made  upon  the  bladder,  def^ends  from  the  bladder  into  the 
bottle  containing  the  water.  As  foon  as  the  firft  bladder  is 
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removed  from  the  bottle  containing  the  chalky  the^other 

bladder  muft  be  fixed  upon  it,  that  no  fixed  air  might  be 

Joft.  .The  third 'bottle  is  alfo  tojbe^made'  about  three 
r !-!.  •.  ■ . ■;  .*  ■ 'j  - ■ :ul.‘  -.rpfiqn  v ■ • 

.quarters  full  of  water,  whrch  rnay  impregnated  with 

fixed-  air  after  the  fame  manner,  whilfl:  the  rwater  of  the 
• • . ^ i*  ivr  : Ihur  z t)  ;;fwo 

^Qther  bottle,  being  impregn,at,e^,^.  is  u fed  for  thq  required 

. .The  bladders,  in  general, .-give  no, b.ad  talie  to^  the  wate^*, 
efpecially  when  they  have  been  .long  ufed  V but  fometimes 

* y i . Pi.  orz’.i  iJ  < ■ •>.  fi<'* 'q 

4hey  impart  a fenfible  qaufeousi.tafle  or  fmeilr  to  the  water  : 
fpr.whiph  reafon,^dargej^elafl:ic  guip.-jpo^tj^les,  whig^'noy^ 
be  had, at  a Very  moderaterpriGe,^may  be fpbftituted  inftead  of 
the  bladders. — The  common^  a^r^^.^whic^  ^ reni.ajns , over  the 
.^^ater  ip:  the  bottle, s,  gives  no^  hindraBce't^^  this  prqcefs,  hnce 
:theL,  .water  wilhnot*.  abforb, -or.  at,  Jeaft  abforbs  an  incon- 

■ .1-^;  - . i iiOUlifltry  .‘J  • 

iiderable  quantity  of  it.  *.  . ^ ^ 


it 


T • e- 


> 

. ' > 


i : .1 

’(!  -’"j 

: ■i’* 


C H A P. 


relating  to  Fluids  permanently  elajlic* 


823 


CHAP.  VII. 


Experiments  and  Obfervations  on  Plants,- 


SINCE  the  publication  of  Dr.  Ingenhousz’s  work, 
relating  to  the  adion  of  plants  on  the  atmofpherical 
fluid,  plants,  flowers,  fruit,  &c.  have  been,  by  various  per-  , 
fons,  fufpeded  as  the  mofl:  dangerous  things  to  be  kept  in  an 
apartment ; having  been  fhewn  by  the  Dodor,  that  a flower, 
or  a few  French  beans,  or,  in  fhort,  that  every  frefli  vegeta- 
ble  fubftance  rnore  or  lefs  contaminated  the  air,  to  fuch  a 
degree  as  to  repder  it  quite  noxious  to  animals.  The  frefli 
leaves  only,  of  plants,  inftead  of  contaminating,  purified  the  ^ 
air,  when  expofed  to  the  dired  rays  of  the  fun;  but  when, 
in  the  fhade,  and  all  other  frefli  vegetable  fubfta,nces  in, 
any  fitiiation,  contaminated  the  air.  When  the  leaves  of 
plants  were  put  in  pump-water,  and  expofed  to  the  rays  of 
the  fun,  feme  dephlogiflicated  air  was  produced,  .which  Dr,., 
Ingenpousz  afierts  to  be  yielded  by  the  leaves,  . and 'not  by  *, 
the  water.  He  relates  fome  of  his*  experiments,  in  which 
air,  contaminated  by  breathing,  was  mended  by  a few  frefli' 
leaves  being  kept  in  it  for  two  or  three  hours,  when  the  fun. 
fhone  upon  them. 

With 
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With  a view  to  obferve  thofe  extraordinay  properties  of 
plants,  I repeated  feveral  of  Dr.  iNGEt^Housz’s  experiments ; 
but  their  refults  did  not  entirely  agree  with  thofc  of  the  Dodor, 
—I  found,  that  by  introducing  frefli  leaves  of  plants,  juft 
taken  from  the  plant,  into  bottles  filled  with  phlogifticated  air, 
and  expofing  them  to  the  bright  fun-fhine,  the  phlogifti- 
cated air  was  fo  little  mended,  that  it  could  fcarce  be  dif- 
tinguiftied  by  the  nitrous  tafte  ; but  it  remained  ftill  in- 
capable to  afTrft  animal  life,  and  cf  courfe  much  lefi  fit  to 
aflift  combuftion.  Sometimes  I could  obferve  no  meliora- 
tion at  all.  Dr.  Ingenhousz,  when  he  fays  that  the  leaves 
of  plants,  put  into  phlogifticated  air,  purify  it,  feems  to  think 
that  the  melioration  is  occafioned  by  the  plants  abforbing  the 
phlogifticated  part  of  the  air,  and  not  by  an  addition  of  the 
dephlogifticated  air  of  the  leaves  to  the  plilogifticated  air  of 
the  phial,  fince  he  does  not  remark  any  increafe  of  the  bulk 
of  daftic  fluid.  This,  indeed,  appears  to  be  the  cafe;  but  then 
this  fame  obfervation  feems  to  (hew,  that  the  dephlogifti- 
cated air,  c/btained  when  the  leaves  of  plants  are  put  in 
pump-water,  and  are  expofed  to  the  fun,  proceeds  from  the 
water,  and  not  from  the  leaves.  It  may  be  afked,  why 
(pump  water,  expofed  to  the  fun  by  itfelf,  does  not  yield  any 
elaftic  fluid  ; but  when  the  leaves  of  plants  are  in  it,  a con- 
flderable  quantity  of  dephlogifticated  air  is  produced  ? — 
This  queftion  is  explained  by  the  following  experiments : 
Having  filled  three  glafs  jars  with  pump-water,  . introduced 
fome  lea\  es  of  vine  into  one,  a piece  of  new  green  woollen 
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cloth  (which  had  been  previoully  well  foaked  in  water,  in 
order  to  expel  any  air  that  might  adhere  to  it)  into  another, 
and  left  the  third  jar  without  any  thing  elfe  in  it  beddes  tlie 
water.  Thus  prepared,  the  three  jars  Vv^ere  expofed  to  the 
fun,  by  the  adion  of  which,  the  water  of  the  two  jars,  one 
of  which  contained  the  leaves,  and  the  other  the  cloth, 
yielded  about  equal  quantities  of  eladic  fluid,  and  with  the 
fame  appearances ; but  in  the  other  jar  there  was  no  elaftic 
fluid.  Upon  trial,  -the  elaftic  fluid  of  the  jar  with  the 
leaves  proved  to  be  dephlogidicated  air  ; the  elaftic  fluid  of 
the  other  jar  was  air  fo  far  phlogidicated,  that  it  was  fcarce- 
ly  at  all  diminiflied  by  nitrous  air. — It  gave  1,1,  1,94; 
whereas , common  and  nitrous  air  gave  I, I.  i, 8. -^This  ex- 
periment being  repeated,  gave  the  fame  refults ; it  appears, 
therefore,  that  the  elaftic  fluid  colledled  in  jars  containing 
pump-water  and  leaves  of  plants,  or  the  piece  of  cloth,  is  in 
all  probability  produced  by  the  water,  fince  the  cloth  can- 
not be  poflibly  fuppofed  to  yield  any  eladic  fluid  in  thefe 
circumdances  The  rays  of  the  fun  pafs  freely  through 
the  jar  containing  only  water ; but  in  thofe  which  contain 
the  leaves,  or  the  cloth,  or  any  the  like  opaque  thing,  the 
rays  are  hindered ; and  either  by  the  greater  heat  they  caufe 
in  it,  or  by  their  being  refracted,  or,  in  Ihort,  by  fome  other 
hitherto  unknown  property  of  light,  they  expel  the  contained 

* No  elaftic  fluid  was  colleded  in  the  jar  with  the  doth,  when  the  dired 
rays  of  the  fun  did  not  fliine  upon  it. 
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elafti'c  fluid  from  the  water  contiguous  to  thofe  opaque 
furfaces. 

The  great  difference  between  the  elafllc  fluid  of  the  jar 
with  the  leaves,  and  the  jar  with  the  cloth,  fhews  that  the 
leaves  imbibe  the  phlogifton  of  the  eladic  fluid,  which  is,  by 
the  adion  of  the  fun,  feparated  from  the  water  next  to  their 
furfaces ; whereas  the  piece  of  cloth,  being  deftitute  of  vege- 
table life,  is  incapable  to  produce  that  eifed. 

It  might  be  fufpeded,  that  as  the  plants  abforb  the  phlo- 
gifton  of  the  elaftic  fluid  contained  in  pump-water,  the 
produdion  of  the  elaflic  fluid  is  owing  to  the  increafe  of 
bulk  which  the  fame  muft  acquire  in  the  ad  of  loflng  its 
phlogifton  ; it  being  natural  to  imagine,  that  if  phlogiftica- 
tion  diminiflaes  the  bulk  of  air,  dephlogiftication  muft  pro- 
duce the  contrary  effed.  But  this  can  either  not  entirely, 
or  not  at  all,  be  the  caufe,  flnce  then  the  water  with  the 
piece  of  cloth  ought  not  to  produce  any  elaftic  fluid. 

In  refped  to  the  injury  done  by  frefh  plants,  flowers, 
and  fruit,  upon  common  air,  I have  often  examined  the 
air  of  rooms  in  which  a great  many  flowers  and  plants 
were  kept,  and  the  air  which  had  been  confined  with 
flowers,  fruit,  &c.  in  glafs  jars ; but  have  very  feldom 
found  any  difference  between  it  and  the  ambient  air  of  the 
fame  time. 

It  may  be  obferved,  that  perhaps  the  difference  between 
feveral  of  Dr.  Ingenhousz’s  experiments  and  mine,  may  be 
in  fome  meafure  attributed  to  the  different  nature  of  the 
% pump- 
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pump-water,  of  the  ftate  of  the  plants,  and  to  the  weather  ; 
lince,  in  the  feafon  Dr.  Ingenhousz  performed  his  experi- 
ments, the  weather  was  remarkably  clear,  and  the  fun  fhone 
very  bright,  without  much  interruption  of  clouds. 


CHAP.  VIII. 

Pro7mfcuous  experiments, 

Having  been  informed,  by  my  ingenious  friend 
Mr.  Kirwan,  of  a difcovery  made,  if  I remember 
right,  by  Mr.  Aschard,  (who  found,  that  phlogifticated  air 
was  purified  by  being  fent  through  melted  nitre)  I was  de- 
firous  to  try  this  remarkable  experiment.  For  this  purpofe 
I took  a glafs  tube,  about  three  quarters  of  an  inch  in  dia- 
meter, and  about  fourteen  inches  long,  and  bent  it  in  the  fiiape 
A B C D,  fig.  13.  Plate  III.  The  lower  part  of  this  tube, 
viz.  I B C I,  being  filled  with  very  pure  nitre,  I adapted  two 
fmall  bladders,  E F,  by  means  of  fmall  glafs  tubes  and  per- 
forated corks,  to  the  extremities,  A D,  of  the  bent  tube. 
One  of  thefe  bladders  was  filled  with  air  phlogiflicated  by 
iron-filings  and  fulphur  ; the  other  bladder  was  without  any 
elaftic  fluid,  and  confequently  comprelTed.  Things  being  thus 
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prepared,  the  apparatus  was  fufpended  by  the  ftring  A G D 
over  a charcoal  fire,'  and,  according  as  the  tube  was  heated, 
fo  it  was  lowered  by  degrees  till  the  part  B C touched  the 
coals.  By  thefe  means  the  nitre  began  to  be  fufed ; and 
when  it  v/as  barely  melted,  I prefled  the  bladder  E,  which 
contained  the  phlogifticated  air,  fo  as  to  let  the  phlogifti- 
cated  air  pafs  fiowly  through  the  melted  nitre  in  B C,  and 
enter  the  flaccid  bladder  F.  When  the  elaftic  fluid  had 
thus  paflTed  through  E to  F,,  I removed  the  apparatus  from 
over  the  fire,  took  ofl'  the  bladder  F,  and,  examining  the 
elaflic  fluid  it  contained,  found  that  it  fuffered  a confiderable 
diminution  by  nitrous  air.  It  gave  II.  I.  2,67,  and  II.  II. 
3,62  ; whereas  part  of  the  fame  phlogifticated  air,  but  which 
had  not  been  pafled  through  melted  nitre,  was  not  fenfibly 
diminifhed  by  nitrous  air.  It  appears,  therefore,  that  the 
phlogifticated  air  was  evidently  purified  by  being  paflTed 
through  melted  nitre.  This  apparent  melioration  may  be 
partly  owing  to  the  mixture  of  the  fmall  quantity  of  com- 
mon air,  which  remained  in  the  tube  A B C D ; but  I do 
not  think  that  it  could  occafion  the  whole  diflerence. 

Dr.  Priestley,  in  his  firft  volume  of  Experiments  and 
Obfervations  on  Air,  6cc.  p.  191,  remarks,  tliat  thofe  kinds 
of  air,  which  never  had  been  common  air,  when  ren- 
dered wholefome  by  agitation  in  v/ater,  are  more  dimi- 
niflred  by  frefli  nitrous  air,  than  common  air  which  has 
been  made  noxious,  and  reftored  by  the  fame  procefs.  . 

Several 
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Several  cafes  of  this  fort  have  occurred  to  me  in  the  courfe 
of  my  experiments ; but  it  feems,  that  although  the  red- 
duums  of  nitrous  air,  inflammable  air,  &c.  if  they  fuffer  a 
greater  diminution  than  phlogifticated  and  then  reftored 
common  air,  yet  they  are  not  equally  fuperior  to  the  puri- 
fied common  air  in  refpedl  to  the  power  of  aflifling  animal 
life  ; at  lead:  I once  obferved,  that  the  refiduum  of  nitrous 
air  fuffered  a greater  diminution  by  ether  nitrous  air,  than 
the  purified  refiduum  of  phlogiPcicated  common  air ; yet 
animals  were  killed  much  fooner  by  the  former  than  by  the 
fatter. 

In  the  fecond  Part  of  this  work,  we  mentioned  the  method 
of  diftinguifhing  one  fingle  elaftic  fluid  from  the  other  ; but 
in  order  to  diftinguiili  the  various  forts  and  quantities  in  a 
mixture  of  different  elaflic  fluids,  it  is  not  pradicable  to  follow 
always  one  method.  The  operation  muft  be  adapted  to  the 
circumftances,  and  to  the  indication  fuggefted  by  the  mate- 
rials which  have  yielded  the  compound  of  elaftic  fluids.^ 
Indeed,  fometimes  it  is  next  to  impoflible  to  afeertain  the 
quantities  of  two  or  more  elaflic  fluids  in  a compound,  by 
feparating  them  ; in  which  cafe  the  only  pradlicable  me- 
thod is,  to  try  to  imitate  that  compound,  by  mixing  divers 
elaftic  fluids  in  different  proportions.  Thus,  if  I find,  after 
feveral  trials,  that  by  mixing  tw’o  parts  of  nitrous  air,  one  of 
inflammable,  and  one  of  dephlogifticated  air,  I obtain  an 
elaftic  fluid,  which,  by  all  the  trials  I can  make  of  it,  appears 
to  be  like  a given  elaftic  fluid  B,  I conclude  that  B is  a mixture 

of 
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of  two  parts  of  nitrous,  one  of  inflammable,  and  one  of 
dephlogifticated  air ; though  this  concluflon  may  be  fubje<fl: 
to  conflderable  errors. 

The  reader  mu  ft  have  obferved,  in  the  courfe  of  this  book, 
the  different  ways  ufed  for  the  feparation  of  one  elaftic  fluid 
from  the  other ; and  I make  no  doubt  but  the  conftderation 
of  their  nature  and  properties  will  fuggeft  him  many  others, 
applicable  to  the  various  circumftances  of  his  experiments. 
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To  page  59. 

TH  E folution  of  the  perfedl  metals  in  acid  menftruums 
is  confidered  as  a partly  calcination. 

To  p,  129.  Common  vitriolic  ether  may  be  purified  by 
walking  it  repeatedly  in  water  ; for  the  water  will  abforb  the 
worft  part  of  it,  and  the  remainder  will  be  found  as  pure  as 
can  be  got  by  any  means  whatever.  In  this  procefs,  the  greateft 
part  of  the  ether  is  loft. — For  the  other  particulars  relating 
to  this  new  method  of  purifying  ether,  fee  a paper  of  the 
author,  in  the  Ixxift  vol.  of  the  Phil.  Tranf. 

To  p.  228.  Inftead  of  the  pieces  of  money  as  here  di- 
g redled, 
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reded,  the  figure  exhibits  a fmall  ftand,  which  is  certainly 
the  more  convenient,  if  at  hand ; otherwife  the  pieces  of 
money  anfwer  fufficiently  well. 

To  p.  256.  Here  it  is  faid,  that  we  have  no  method  of 
obtaining  dephlogifticated  from  common  air ; but  there 
fhoiild  be  excepted  the  purification  of  common  air  by  water; 
for  which  fee  the  chapters  on  air,  and  on  dephlogifticated  air, 
in  the  third  Part. 

To  p.  258.  The  water  impregnated  with  fiuor  acid  air, 
is  alfo  congealed  by  cold  ; but  it  requires  a much  greater  de- 
gree of  cold  than  the  water  impregnated  with  vitriolic  acid 
air.  See  p.  744. 

To  p.  296.  The  ufe  of  the  bottle  D,  which  has  feveral 
holes  perforated  through  its  glafs  ftopper,  is  to  put  the  ma- 
terials in  it  which  are  to  produce  any  elaftic  fluid  ; and  thus 
prepared,  to  introduce  it  under  a glafs  receiver  filled  with 
and  inverted  in  water. 

To  p.  362.  When  various  glafs  jars  are  kept  filled'with 
different  elaftic  fluids,  in  order  to  prevent  miftakes,  it  is  pro- 
per to  flick  pieces  of  paper  upon  them,  with  the  names  of 
the  elaftic  fluids.  It  is  alfo  neceflary  to  remark,  that  when 
various  jars  are  filled  with  water  out  of  the  tub,  the  furface  of 
the  water  in  it  naturally  fubfides  ; in  which  cafe  more  water 
muft  be  poured  into  the  tub,  fo  as  to  keep  it  filled  to  about 
one  inch  above  the  flielf.  The  fame  remark  may  be  made 
with  refpe<ft  to  the  tub  containing  quickfilver. 


To 
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To  p.  413.  Charcoal  may  yield  more  elaftic  fluid  by 
combuftioii  than  by  mere  heating.  ^ 

To  p.  562.  I am  inforrhed  by  Dr.  Priestley,  who  has 
repeated  Mr.  Fontana’s  experiment  mentioned  in  this  page, 
that  animals  will  not  live  longer  in  a quantity  of  dephlo- 
giflicated  air  when  it  ftands  in  contadl  with  lime-water, 
than  they  will  when  no  lime-w'ater  is  ufed  ; therefore,  accord- 
ing to  this  obfervation  of  the  Doctor,  12,000  cubic  inches 
of  dephlogifticated  air,  w^liich  is  the  quantity  obtainable  from 
one  pound  of  nitre,  can  ferve  for  the  refpiration  of  a perfoii 
only  for  about  four  hours. 

To  p.  567.  Fig.  8.  of  plate  III.  exhibits  the  inftrument 
defcribed  in  this  and  the  next  page. 

When  a candle  is  extinguiflaed  by  letting  it  down  into 
fixed  air,  it  often  happens  that  the  flame  remains  over  the 
furface  of  the  fixed  air,  when  the  extremity  of  the  candle  is 
even  at  fome  inches  diftance  from  it ; and  in  that  cafe  the  can- 
dle may  be  lighted  again,  or  rather  the  flame  may  be  brought 
again  in  its  place,  by  only  raifing  up  the  candle  along  the 
fame  line.  In  this  cafe,  part  of  the  fmoke,  which  proceeds 
from  the  candle,  fupports  the  flame  over  the  ftratum  of 
fixed  air. 

In  regard  to  the  formation  of  atmofpheric  air,  it  is  as  yet 
unknown  whether  the  whole  mafs  of  it  does  augment  or  di- 
minifh.  Several  natural  proceflcs  continually  diminifh  it,  but 
feveral  others  produce  it  j and,  among  the  reft,  the  refiduum 
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of  the  fixed  air,  that  is  continually  generated  and  abforbcd  by 
water,  may  add  to  its  quantity. 

In  the  fecond  vol.  of  Mr.  Bergman’s  Opufcula,  there  is  a 
pafiagre  relating  to  dephlogifticated  air,  which  feems  to  over- 
turn the  comiincn  theory  of  it.  I have  not  had  tiiTiC  to 
make  any  experiments  about  it ; but  yet  fiifped  that  Mr. 
Bergman’s  opinion  may  have  been  occafioned  by  Tome  mif- 
take  or  other.  The  pafiage,  tranfiated  from  the  Latin,  is  as 
follows : “ Dephlogifticated  air  is  ufually  called  that  elaftic 

‘‘  fluid,  which  is  abfolutely  neceflTary  for  the  refpiration  of 
‘‘  animals,  and  for  combuftion.  A certain  dofe  of  phlo- 
“ gifton  being  joined  to  it,  forms  the  matter  of  heat,  which 
‘‘  has  been  demonftrated  by  Mr.  Scheele,  by  a long  feries  of 
“ experiments,  which  I have  often  repeated  with  fuccefs. 
‘‘  Having  eftablifhed  this  bafis,  let  us  examine  the  changes 
“ to  which  it  may  be  fubjed*.  The  pureft  I could  obtain 
“ cannot  be  rendered  unfit  for  refpiration  or  combuftion  by 
flame,  by  nitrous  air,  by  eledric  fparks,  or  by  any  opera- 
“ tion  in  which  phlogifton  is  certainly  let  loofe ; however, 
“ it  contrads,  and  at  laft  is  entirely  confumed,  and  that  in 
“ fuch  manner  as  to  acquire  the  phlogifton,  and  to  become 
‘‘  the  matter  of  heat,  which  penetrates  all  forts  of  vefiels, 
and  cannot  be  confined.”  He  then  fays,  that  by  the  burn- 
ing of  a piece  of  wood,  its  bulk  is  contraded  ; but  the  refi- 
duum,  which  is  an  eighth,  a tenth,  and  often  hardly  the 
hundredth  part  of  its  original  volume,  confifts  partly  of 
fixed  air,  and  partly  of  air  incapable  to  aflift  refpiration 

5 O and 
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and  combuflion  ; but  which  w^as  admitted  to  it  from  the 
“ beginning.” 

The  following  method  of  Mr.  Scheele,  to  examine  the 
purity  of  atmofpherical  air,  w^as  communicated  to  me  by 
Mr.  Kirwan  : 

Mr.  Scheele  conflrudled  an  eudiometer,  confiding  of  a 
glafs  receiver,  which  could  contain  34  ounces  of  water,  and  a 
glafs  cup  containing  a mixture  of  one  pound  of  iron-filings, 
and  an  equal  w’eight  of  flowers  of  fulphur  moiflened  ; which 
‘cup  {landing  upon  a glafs  fupporter,  w^as  inferted  in  the  former 
receiv^er,  which,  when  this  was  in  it,  could  contain  33  ounces 
Of  w’ater.  To  the  outfide  of  the  glafs  tube,  or  receiver,  was 
affixed  a flip  of  paper,,  to  the  height  of  a third  of  the  tube, 
containing  1 1 divifions,  each  correfponding  to  one  ounce  of 
water.  This  paper  was  varnifhed  over  with  oil  varnifh,  to  pre- 
vent its  being  fpoiled  by  water.  The  whole  then  was  placed  in 
water,  which  gradually  rofe  as  the  air  was  diminifhed.  This 
mixture  would  ferve  four  times  before  the  power  of  diminifh^ 
ing  air  w'as  loft.  He  carefully  compared  the  height  of  the 
air  therein  with  the  barometer  and  thermometer,  both  before 
and  after  the  experiment ; in  eight  hours  the  experiment 
w'as  compleated.  Vvfith  this  inftrument  he  examined  the 
goodnefs  of  the  common  air  in  Stockholm  every  day  for 
a whole  year,  and  found  the  diminution  never  to  exceed  it, 
nor  fall  fhort  of  A ; fo  that  upon  a medium  it  may  be  efti- 
mated  at  tV*  During  the  months  of  January  and  February 
it  w^as  tt.  The  23d  of  March  it  was  A,  though  the'  cold 

increafed, 
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increafed,  and  the  barometer  flood  higher  than  before.  The 
19th  of  April  it  was  4°,  though  the  barometer  and  thermo- 
meter did  not  vary,  and  fo  (food  till  the  2 iff.  In  May  and 
June  it  flood  between  tV  and  A.  The  30th  of  July  it  flood  at 
TT.  From  the  3d  to  the  15th  of  September  at  A*  The 
6th  of  Odlober  at  during  a high  florm  ; but  after  it  flood 
between  tV  and  Atj  till  the  4th  of  November,  when  it  fell  to 
-A)  and  continued  between  A and  A to  the  20th,  when  it 
rofe  to  tt.  The  21  ft  it  fell  to  8,  and  flood  between  A and 
A till  the  8th  of  December,  when  it  rofe  to  A;  and  from 
thence  to  the  3ifl  it  flood  between  A and  A» 
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J^^^EREAL  acid,  what,  577. 

Air,  fignification  of  the  word,  8. 

— — atmofpherical,  its  definition,  9 j 
dilatation  of,  by  heat,  ii  ; its  gravi- 
tation, 182;  weight  of,  187-,  con- 
denfation  of,  190 ; rarefadion  of, 
191  i fome  effeds  of,  when  rarefied, 
210;  contained  in  water;  213; 
condenfed,  effeds  of,  219  ; necefifary 
to  cryftallization,  220 ; ncceflary  for 
combuftion,  221,  400  ; necefirary  for 
various  purpofes,  222  ; quantify  of, 
neceflary  for  the  combulVion  of  a 
candle,  and  for  the  breathing  of  a 
man,  226,  391  ; is  contaminated  by 
refpiration,  230  ; is  contaminated  by 
combuftion,  227  ; contaminated  by 
other  means,  235, 417, 429, 431, &c. 
combined  with  various  fubftances, 
368,  373  ; contains  v/ater,  369,  783  ; 
combined  with  a faline  matter,  372  ; 
combined  with  phlogifton,  373.; 
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abfolutely  neceflary  for  animal  life, 
376  ; after  being  breathed,  contains 
fixed  air,  394  ; is  diminiflied  by  re- 
fpiration, 395  ; diminiflied  by  com- 
buftion, 229,  401  ; after  having  af- 
fifted  combuftion,  contains  fixed  air, 
404,  408  ; neceflary  for  metallic 
calcination,  409  ; is  diminiflied  by 
metallic  calcination,  41 1 ; by  phlogif- 
tication,  becomes  lighter,  419  ; how 
affeded  by  lime,  424;  contaminated 
by  putrefadion,  426;  contaminated 
by  flefli,  428  ; is  abforbed  and  phlo- 
gifticated  b'y  oil  of  turpentine,  429  ; 
diminiflied  by  the  combuftion  of 
diamonds,  433  ; diminifhed  by  elec- 
tricity, ib. ; whether  it  is  affeded 
by  odours,  438  ; how  affeded  by 
nitre,  439  ; ab.'orbed  by  v/ater,  441 ; 
extraded  from  various  waters,  444  •, 
whether  aftf ded  by  the  vapour  of 
boding  water,  446 ; agitated  in 
water,  447 ; when  contaminated, 
how  purified,  477 ; purified  by  vege- 
tation. 
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tation,  4B6j  whether  it  contains 
fixed  air,  6ii,  809;  its  degree  of 
purity  determined  by  means  of  ni- 
trous air,  315,  &c.  458,  717;  phlo- 
gifiicated  by  vdtriolic  acid  air,  738  i 
phlogifiicated,  is  purified  by  pafiing 
through  melted  nitre,  827. 

Acid,  what,  22  •,  general  properties 
of,  23  •,  aerea),  what,  577  j of  ants, 
its  afi'inities,  115.  For  nitrous,  vitri- 
olic, and  marine,  fee  thofe  articles. 

Alkali,  v/hat,  and  general  properties 
of,  32  fixed  or  volatile,  33  ; fixed 
mineral,  its  affinities,  34  ; fixed  ve- 
getable, its  affinities,  ib.  *,  volatile, 
its  affinities,  35. 

Alkaline  air,  how  produced,  283,  758  ; 
abforbed  by  water,  283,  760  *,  mixed 
with  other  elaftic  fluids,  284,  763, 
765  •,  its  fmell,  759  •,  its  aftion  on 
flame,  759  ; colour  and  effeds  of 
the  eledric  fpark  in  it,  ib. ; its  fpe- 
-cific  gravity,  760;  diflolves  ice,  ib. ; 
imbibed  by  various  fubftances,  761  i 
refiduum  of,  763. 

Alum,  38. 

Amalgams,  62,  90. 

Amber,  what,  55. 

Ambergrife,  what,  56. 

Animal,  heat,  387  *,  acids,  moftly  ow- 
ing to  fixed  air,  607. 

Antimony,  98  ; regulus  of  inflamed 
by  aqua  regia,  141. 

Apparatus,  in  general,  for  performing 
experiments  on  air,  &c.  defeription 
of,  287  ; Dr.  Nooth’s,  633. 

Aqua  fortis,  what,  26. 

Aqua  regia,  what,  30  ; formed  by  im- 
pregnating marine  acid  with  nitrous 
acid  air,  756. 


Arcanum  corallinum,  85. 

Arfenic,  95,  107. 

Alphaltum,  57. 

Atmofphere,  1S4)  alterations  to  which 
it  is  fubjed,  453  ; its  ftate  in  va- 
rious places,  and  at  various  times, 
458,  834  •,  conflitutlon  of,  808. 

Attradion,  capillary,  173. 

B 

Barometer,  whaf,  192  ; obfervations 
with  the,  202. 

Bifmuth,  102. 

Bitumens,  55. 

Bladder,  its  effeds  on  nitrous  air,  708  i 
whether  it  communicates  any  tafte 
to  water  in  certain  circumflances, 
822. 

Borax,  what,  40. 

C 

Calcination  of  metallic  fubflances,  58  ; 
requires  the  prefence  of  refpirable 
air,  409  *,  phlogifticates  the  air,  ib. ; 
phenomena  relating  to  it,  589. 

Calces,  metallic,  what,  58. 

Calomel,  what,  86. 

Capillary  attradion,  173. 

Cafes,  phyfical,  in  which  fixed  air  has 
been  fuccefsfully  adminiftered,  632, 
635,  639  j in  which  dephlogifticated 
air  might  be  ufed,  563  ; in  which 
nitrous  air  might  be  tried,  699. 

Charcoal,  118  ; its  property  of  yield- 
ing inflammable  air,  652  ; its  pro- 
perty of  abforbing  elaflic  fluids, 
774- 

Choke-damp,  what,  576. 

Chymical,  combination,  what,  369; 
laboratory,  130;  inflruments,  134. 

Cinnabar, 
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Cinnabar,  S9. 

Clouds,  37  f. 

Cobalt,  what,  104. 

Combuflion,  air  necefiary  for,  400  j 
diminillies  and  phlogifticates  re- 
fpirable  air,  220,  401  •,  cannot  exiil 
in  ar.y  other  permanently  elaftic 
fluid,  except  in  refpirable  air,  220; 
theory  of,  404. 

Copper,  68. 

Corrofive  fublimate,  86. 

Cryftallization,  what,  37;  of  fixed  air 
with  alkali,  605  •,  produced  by  the 
impregnation  of  vitriolic  acid  with 
nitrous  acid  air,  755;  air  neceffary 
for,  220. 

Cupellation,  79. 

D 

Damp,  what,  240;  various  forts  of, 
241  j choke,  242  i fire,  ib. 

Dephlogifticated  air,  produced,  275, 
511,  525;  difcovered,  508;  its 
general  properties,  510,  550  ; from 
nitre,  512;  produced  by  means  of 
nitrous  acid,  519*,  extraded  from 
fubftances  not  mixed  with  nitrous 
acid,  527  i produced  from  feveral 
fubftances  by  means  of  vitriolic  acid, 
53 1’  536;  extraded  by  means 
of  marine  acid,  537  j its  nature, 
53^>  543  ■>  whether  it  contains  any 
earth,  544  •,  irregularity  of  its  pro- 
dudion  in  certain  cafes,  549  ; fpe- 
cific  gravity  of,  550;  its  effeds 
upon  flame,  551  j mixed  with  in- 
flammable air,  &c.  552  ; affifts  all 
phlogiftic  procefles  better  than  com- 


mon air,  552,  833  ; diminifhed  by 
phlogiftic  procefles,  553  *,  compari- 
fon  of  its  purity  with  common  air, 
554  j contaminated,  557  -,  quantity 
of  abforbed  by  water,  558  ; how  long 
is  ufeful  for  refpiration,  561  may 
be  ufed  for  difeafes  of  the  lungs^ 

563  ; method  of  obtaining  it  eafily, 

564  ; method  of  ufing  it  for  re- 
fpiration, 566;  its  effeds  on  plants, 
571  i the  knowledge  of  explains 
feveral  phenomena,  573. 

Difeafes  for  wlrich  fixed  air  has  been, 
ufed,  632,  635,  639  •,  for  which  ni- 
trous air  might  be  ufed,  699  *,  for 
which  dephlogifticated  air  might  be 
ufed,  563. 

Diftillation,  135;  requires  the  aid  of 
the  ambient  air,  502.. 

E 

Earth,  v;hat,  1 5 •,  various  fpecies  of,, 
and  their  properties,  45,  46,  &c. 

Elaftic  fluids,  permanently,  names  of, 
^595  252  ; feparated  from  various 
bodies,  1 16  •,  various  forts  of,  149  j 
general  properties  of  thole  which 
are  inftancly  abforbed  by  water, 
724;  their  fpecific  gravities,  772; 
their  expanfions  by  heat,  773  ; their 
mechanical  properties,  ib. ; are  non- 
condudors  of  eledricity,  774  4. 
extraded  from  mineral  waters,  782 ; 
advantages  derived  from  the  know-  ‘ 
ledge  of,  797  ; theory  of,  801  i. 
generated  by  the  redudion  of  metal- 
lic calces,  413. 

Elements,  their  number  unknown,  2. 

Etheiv 


I N D 

Ether,  128  ; vitriolic,  to  make,  147. 

Ethiops,  martialis,  what,  74  *,  mineral, 
what,  89. 

Eudiometer,  274;  Dr.  Priestley’s 
315;  Mr.  Landriani’s  316;  Mr. 
PvIagelan’s,  317',  Mr.  Fontana’s, 
328  ; Mr.  De  Saussure’s,  340*,  the 
author’s,  344;  Mr.  Scheele’s,  834. 

Evaporation  in  air,  502. 

Expreffed  oils,  1 1 1. 

F 

Fermentation,  120-,  vinous  or  fpirit- 
ous,  121  •,  acetous  and  putrid,  122. 

Fire,  what,  16  j contaminates  the  air., 
201. 

Fire-damp,  646. 

Fixed  air,  produftion  of,  259,  377  ; 
its  general  properties,  576  found 
naturally  in  various  places,  577; 
various  artificial  methods  of  obtain- 
ing it,  580;  refiores  wines,  581; 
quantity  of,  extrafted  from  different 
wines,  582  ; produced  by  fermenta- 
tion, 580  i produced  by  combuftion, 
584  ; ablbrbed  in  metallic  calcina- 
nation,589',  its  refiduum,  589,625; 
produced  by  the  deflagration  of  ni, 
tre,  590  ; obtained  from  earths  by 
means  of  heat,  592  obtained  from 
falts,  «,93  ; obtained  from  various 
fubftances  by  means  of  acids,  594** 
abundantly  produced  from  calcare- 
ous earths,  and  phenomena  accom- 
panying it,  598  ; its  acid  nature, 
603,  606  ; reddens  fome  blue  vege- 
table infufions,  603  ; neutralizes  al- 
kalies, 604  ; cryflallizes  with  alka- 
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lies,  605  ; forms  the  acidity  of  mofl 
vegetable  and  animal  acids,  607*, 
whether  it  is  feparated  from  the  at- 
molphere  in  cafe  of  combuftion, 
61 1 ; ftate  of  its  exiftence  in  various 
bodies,  ib.  ; its  nature  612-,  its  fpe- 
cific  gravity,  614;  it  extinguifhes 
flame,  ib.  ; attradls  the  fmohe,  614, 
621  ; is  fatal  to  animals,  615;  de- 
ftroys  vegetable  life,  616  ; prevents 
corruption,  6 1-8-,  is  a remedy  for 
putrid  difeafes,  2*64,  620;  precipi- 
tates a metallic  folution,  620  ; its 
diffolving  power,  €28,  628;  its 
mixing  with  common  air,  and  other 
permanently  elaftic  fluids^  622;  ab- 
forbed  by  water,  602,  623  ; heat 
expels  it  from  water,  625  ; not  im- 
bibed by  ice,  ib.  ; the  properties  of 
water  when  impregnated  v/ith  ir, 
619,  626;  abforbed  by  various  fub- 
ftances, 629  ; its  affinities,  630  ; its 
medicinal  power,  631  ; how  applied 
for  medical  purpofes,  632  ; fuc- 
cefsfully  ufed  in  divers  phyfical 
cafes,  639. 

Fluor  acid  air,  is  originally  the  fame 
thing  as  vitriolic  acid  air,  740,  743; 
how  obtained,  282,740;  cautions 
to  be  obferved  in  regard  to  its  pro- 
du6tion,  741  ; it  corrodes  glafs  when 
hot,  741,  745  ; its  fpecific  gravity, 
742 ; when  abforbed  by  water, 
forms  a cruft  upon  its  furface,  283, 
742 ; water  impregnated  with  it 
does  not  freeze  very  eafily,  744 ; 
imbibed  by  divers  fubftances,  ib.  ; 
mixed  with  other  elaftic  fluids, 

746  i 
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746  1 its  nature  and  components, 
ib. 

Flux,  what,  40. 

Fulminating  fubftances,  7^7  > 
Bayen’s,  788,  796. 

Fulminating  gold,  64,  602  ; produces 
an  claftic  fluid,  795. 

Culminating  powder,  155’,  theory  of, 
'ts  explofion,  794. 

Furyces,  131. 

G 

Gas,  159,  H9,  253,  576. 

Glafs,  its  principal  components,  33. 

Gold,  62  ; fulminiting,  64,  602. 

Grotto  del  cane,  244,  §78. 

Gun-powder,  different  forts  of,  789  •, 
explodes  in  every  fort  of  elaftic  fluid, 
790 ; elaftic  fluid  produced  by  it, 
791,  810  ; elaftic  fluid  produced  by 
various  forts  of,  813. 

H 

Heat,  Dr.  Crawford’s  theory  of,  20. 

Hepatic  air,  769  *,  produflion  of,  770. 

Hydroftatics,  161. 

Hygrometers  fhew  the  quantity  of 
water  that  is  precipitated  from  the 
air,  370. 

I 

Inflammable  air,  produftion  of,  645  ; 
found  in  mines,  ib.  j found  in  ponds, 

646  i thought  to  be  the  caufe 
of  fome  meteors  in  the  atmofphere, 

647  ’,  difeharged  from  the  aliments 
in  digeftion,  648  j diftinftion  of, 
648,  649  i obtained  by  means  of 
heat  from  feveral  bodies,  650  j 


produced  by  means  of  electric  fparks, 
653  ; obtained  by  means  of  acids, 
ib.  obtained  by  means  of  marine 
acid  air,  655,  728  *,  produced  frona 
a folution  of  galls  and  iron-fil'.ngs, 
660;  its  inflammability,  661,  662, 
664,  665;  its  fpecific  gravity,  661  •, 
its  fmell,  ib.  i phenomena  accom- 
panying its  combuftion,  663  ; alter- 
ed by  agitation  in  water,  663,  670  ; 
mixed  with  various  forts  of  elaftic 
fluid,  665,  669  •,  mixed  with  nitrous 
acid  vapour,  667  ; abforbed  by 
water,  669  •,  changed  into  common 
air,  670;  effefts  arifing  from  the 
agitation  of  it  in  oil  of  turpentine, 
672;  abforbed  by  various  fubftan- 
ces, 673  •,  its  effeds  on  plants,  ib. ; 
its  adion  upon  animal  fubftances, 
674;  refpiration  of,  674,  680 ; 

its  nature,  676  j decompofed  by 
means  of  heat,  678*,  altered  by  ex- 
pofure  to  florid  blood,  679  its  in- 
capacity of  affifting  combuftion, 
663,  680  j its  refradive  power, 
681. 

Inflammable  minerals,  50. 

Inftruments  chymical,  134. 

Iron,  71. 

K 

Kermes  mineral,  loi. 

L 

Laboratory,  chymical,  130. 

Lead,  77. 

Lime  precipitated  in  lime-water  by 
fixed  air,  585,  598. 

Lime-water,  preparation  of,  139. 
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Liver  of  fulphur,  53  ; preparation  ’ of, 
140. 


M 


Magnet,  71. 

Manganefe,  107. 

Marine  acid,  what,  28;  its  affinities, 
295  its  colour,  ib. ; made  by  im- 
pregnating water  with  marine  acid 
air,  281. 

Marine  acid  air,  produdtion  of,  280, 
725  i changed  into  inflammable  air, 
281  ; its  general  properties,  724, 
725  i its  fpecific  gravity,  726;  ani- 
mals die  in  it,  ib. ; its  effetffs  on 
flame,  ib.  *,  diminiffied  by  electric 
fparks,  727;  abforbed  by  water, 
ib.  ; its  effedls  on  ice,  ib.  *,  its  mix- 
ture with  other  elaftic  fluids,  728  j 
diminifhed  by  various  fubftances, 
ib.  j is  turned  into  inflammable  air, 
ib.  ; its  efleiSts  upon  oils,  and  other 
fubftances,  729. 

Medicinal  power  of  fixed  air,  63 1, 

Mephitic  gas,  577. 

Mercury,  79  ; purification  of,  81. 

Metals,  58  ; their  various  names,  92  *, 
acquire  weight  by  calcination,  410. 

Metallic  calces,  58,  93. 

Mineral  water,  fee  Waters  mineral. 

Minerals,  inflammable,  50. 

Mixture  of  acids,  production  by  a, 
658,  659. 


N 

Nickel,  105. 

Nitre,  what,  38,  41  •,  purification  of, 
42  i cupreous,  detonating  with  tin, 
143 fields  dephlogifticated  air,  5125 


refiduum  of,  after  the  production  of 
dephlogifticated  air,  514*,  obferva- 
tions  relative  to  its  production,  517  ; 
its  effects  on  common  air,  518; 
when  in  fufion  purifies  the  phlogifti- 
cated  air  that  is  paffed  through  it,  827. 

Nitrous  air,  production  of,  272,  682 
particulars  relating  to  its  produ(tif^» 
683  ; quantity  of,  extracted  f'om 
various  metals,  686  ;•  to  obtai*  k of 
a conftant  degree  of  purit/>  » 
produced  by  the  folution  jf  vegeta- 
ble and  animal  fubftaott^s  in  nitrous 
acid,  689  j produrfid  from  the  dif- 
tillation  of  nitrous  acid,  693  ; its 
general  properties,  its  tafte,  fmell, 
and  colour,  693,  719  j its  fpecific 
gravity,  694;  its  action  on  flame, 
695  •,  altered,  695,  699;  dirriinifhed, 
697  ',  is  noxious  to  animal  and  vege- 
table life,  ib. ; its  power  of  hinder- 
ing putrefadlion,  698  *,  not  altered 
when  kept  by  itfelf,  699  ; altered 
by  the  contadl  of  water,  ib-  ; is  im*- 
bibed  by  water,  700  ; expelled  from 
water  by  freezing,  701  j its  refi- 
duum,  ib.  j decompofed,  702,  707, 
709  •,  an  earth  enters  into  its  com- 
pofition,  704-,  is  abforbecd  by  va- 
rious fluids,  and  other  fub<l'onces, 
704,  7071  meliorated  i»y  agitation 
in  nitrous  acid,  705;  phofphorus 
gives  no  light  in  it,  708' •,  decom- 
pofed by  electric  fparks,  ib.  ; de- 
compofed by  a bladder  in  certain 
circumftances,  ib.  •,  mixed  with 
other  elaftic  fluids,  710  ; diminifhed, 
711*,  effects  obfervable  when  re- 
fpirable  air  is  mixed  with  it,  ib.  ; 
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its  components,  and  their  mode  of 
cxiftence,  717,  719  i quantity  of  ni- 
trous acid  in  it,  720;  quantity  of 
phlogifton  contained  in  it,  in  com- 
parifon  to  inflammable  air,  722; 
how  affeded  by  nitrous  acid  air, 
751  j produced  by  water  impreg- 
nated with  nitrous  acid  air,  755. 

Nitrous  acid,  what,  26 ; its  affinities, 
27;  its  colour,  ib. ; caution  to  be 
obferved  in  mixing  it  with  oils,  &c. 
6g2. 

Nitrous  acid  air,  produdion  of,  281, 
747  ; abforbed  by  water,  282  ; pro- 
duces dephlogifticated  air,  516; 
difficulty  to  confine  it,  747  ; method 
of  expofing  fubftances  to  it,  748  ; 
its  colour,  749  j when  mixed  with 
common  air,  751  •,  nitrous  air  how 
aflfedbed  by  it,  ib.  ; mixed  with  other 
elaftic  fluids,  752  *,  water  impreg- 
nated with  it  yields  nitrous  air,  753; 
abforbed  by  oils  and  other  fub- 
ftances, 753,  754 ; cryftals  produced 
by  the  impregnation  of  vitriolic  acid 
with  it,  755  i aqua  regia  formed  by 
the  impregnation  of  marine  acid  with 

it,  756. 

O 

Oils,  117.  • 

Ores,  41. 

P 

Phlogifton,  what,  17.  . • 

Phlogiftication  of  air,  374. 

Phofphorus,  Mr.  Canton’s,  14^; 
Kunkel’s,  148  i liquid,  153  i Kun- 
kel’s  gives  no  light  in  nitrous  air, 


or  in  vitriolic  acid  air,  708,  738  ; 
fhines  in  marine  acid  air,  731. 

Piftol  for  inflammable  air,  312,  816, 
818. 

Pit-coal,  57. 

Plagues,  246. 

Plants,  their  components,  112  i purify 
the  atmofphere,  486;  how  affcfled 
by  dephlogifticated  air,  492,  571  j 
how  afFecfted  by  fixed  air,  616  i 
how  affeaed  by  inflammable  air, 
673  ; how  affedled  by  nitrous  air, 
697  j cannot  vegetate  in  thofe  elaf- 
tic fluids  which  are  abforbed  by 
water,  7^4-  > Or.  Ingenhousz’s  ex- 
periments on,  439  j experiments  on, 
by  the  author,  823. 

Platina,  65. 

Pot-afh,  40. 

Powder,  fulminating,  155-  gun,  fee 
Gun-powder. 

Pradfical  remarks,  relating  to  the  ufe 
of  Dr.  Nooth’s  apparatus,  633. 

Precipitate  per  fe,  84. 

Purification  of  contaminated  air,  477, 

Pyrophorus,.  to  make,  141. 

• . R 

Red  precipitate,  85. 

Refpiration,  Dr.  Priestley’s  theory 
Mr.  Scheele’s  theory  of^ 
384  ; contaminates  the  air, 

Rock-oil,  56. 

Rules,  pradical,  360. 

S 

Salt,  what,  31,  ^6^ 

Semi-metals,  95., 

Silver,  67. 

Space 
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Space  occupied  by  an  elaftic  fluid  in 
a tube  partly  filled  with  water  or 
mercury,  355. 

Specific  gravities,  165  table  of,  169  ; 
of  elaftic  fluids,  to  find,  420;  of 
elaftic  fluids,  table  of,  772. 

Spirit  of  wine,  123  ; its  power  of  dif- 
folving  various  falts,  124;  its  ac- 
tion upon  oils,  126;  the  fpecific 
gravity  of  a mixture  of  water  with 
it  in  various  proportions,  127. 

Steel,  73  i yields  more  inflammable 
air  than  iron,  651. 

Sugar,  what,  40. 

Sulphur,  what,  51;  flowers' of,  54; 
formed  by  heating  water  impreg- 
nated with  vitriolic  acid  air,  736. 

T 

Tartar,  cream  of,  what,  39. 

Tin,  75. 

Turbith  mineral,  85. 

V 

Vapours,  different  from  permanently 
elaftic  fluids,  i 

Varnifhes,  56. 

Vegetation  purifies  noxious  air,  486. 

Vegetable  acid  air,  767. 

Vegetable  acids  owe  their  acidity 
moftly  to  fixed  air,  607. 

Ventilators,  197. 

Vitriols,  38. 

Vitriolic  acid,  what,  24  j its  affinities, 
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Vitriolic  acid  air,  279  j produftion  of, 
732  ; other  elaftic  fluids  are  often 
produced  along  with  it,  734;  its 
fpecific  gravity,  735;  imbibed  by 
water,  ib. ; abforbed  by  various 
fluids,  and  other  fubftances,  737  ; 
phlogifticates  common  air,  738; 
mixed  with  other  elaftic  fluids,  739 ; 
how  affeded  by  the  eledric  explo- 
fion,  ib.  i is  originally  the  fame 
thing  as  fluor  acid  air,  740,  743. 

V/ 

Water,  what,  12  i its  diflblving  power, 
1 3 i enters  into  the  compofltion  of 
various  bodies,  14-,  air  is  contained 
in  it,  2135  boiling  under  various 
prefllires  of  the  atmofphere,  214;  its 
properties  when  impregnated  with 
fixed  air,  262,  602,  619,  626 } ful- 
phur  formed  by  impregnating  it 
with  vitriolic  acid  air,  and  then  ex- 
pofing  it  to  heat  in  glafs  tubes, 
736- 

Waters,  mineral,  782  ; their  medici- 
nal qualities,  78^ ; Pyrmont,  and 
Seltzer,  analyzed,  7851  artificial, 
786. 

Weight  of  air,  and  other  permanently 
elaftic  fluids,  420,  772. 

Winds,  195  i ufe  of,  237. 

Z 

Zinc,  95  j flowers  of,  96  ; purifica- 
tion of,  97. 
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